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Mode | VESA® | Distey | colors | Retesh 
5E 100 640 x 400 256P 70 
5F 101 640 x 480 256P 60, 72, 75, 85, 100 
66 110 640 x 480 32K 60, 72, 75, 85, 100 
64 111 640 x 480 64K 60, 72, 75, 85, 100 
71 112 640 x 480 16M 60, 72, 75, 85, 100 
58, 6A 102 800 x 600 16P 56, 60, 72, 75 
5C 103 800 x 600 256P 56, 60, 72, 75, 85, 100 
67 113 800 x 600 32K 56, 60, 72, 75, 85, 100 
65 114 800 x 600 64K 56, 60, 72, 75, 85, 100 
78 115 800 x 600 16M 56, 60, 72, 75, 85, 100 
5D 104 1024 x 768 16P 43i, 60, 70, 75 
60 105 1024 x 768 256P 43i, 60, 70, 75, 85, 100 
68 116 1024 x 768 32K 43, 60, 70, 75, 85, 100 
74 117 1024 x 768 64K 43i, 60, 70, 75, 85, 100 
79 118 1024 x 768 16M 43i, 60, 70, 75, 85, 100 
7C = 1152 x 864 256P 70, 75, 85, 100 
6E - 1152 x 864 32K 70, 75, 85, 100 
7D _ 1152 x 864 64K 70, 75, 85, 100 
7E - 1152 x 864 16M 70, 75, 85, 100 
6C 106 1280 x 1024 16P 43i 
6D 107 1280 x 1024 256P 43i, 60, 75, 85 
69 119 1280 x 1024 32K 43i, 60, 75, 85 
75 11A 1280 x 1024 64K 43i, 60, 75, 85 
77 11B 1280 x 1024 16M 43i, 60 
7B - 1600 x 1200 256P 48i, 60 
6F - 1600 x 1200 32K 48i, 60 
7F - 1600 x 1200 64K 48i, 60 























Refer to Table 3-2, “Cirrus Logic Extended Display Modes,” on page 3-24 for additional information. 
The ‘official’ mode list is in the BIOS release document. 
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1.4 


INTRODUCTION 


Scope of Document 


This manual provides a technical discussion of the CL-GD5480 64-bit SGRAM GUI accelerator. 
This manual includes descriptions of each major component integrated into the device, a data 
book, detailed information on each register, a BIOS description, and appendixes intended to assist 
hardware and software designers. 


Chip Types Covered 
This manual documents the CL-GD5480. Table 1-1 shows the production version covered. 
Table 1-1. Production Versions Covered 


Revision 





CL-GD5480 v 














The CL-GD5480 ID register — CR27, reads back a value specifying the CL-GD5480. Refer to 
Chapter 8, “Miscellaneous Extension Registers”, for further information. The device ID is also in 
register PCIOO. 


Intended Audience 


This manual is intended for a technically sophisticated audience. It is assumed that the reader is 
familiar with assembly language programming on the 8088/8086, 80286/80386/80486, Pentium®, 
or similar microprocessor, and understands the fundamentals of computer generated graphics 
display technology. 


Hardware engineers should find Chapter 3, “Data Book”, useful. It contains the pinouts and pin 
summary. In addition, Chapter 10 contains the detailed pin descriptions and Chapter 11 contains 
the DC and AC specifications. Appendix B1 and Appendix B2 contain board design and layout 
information. 


Software engineers should find Chapter 4 through Chapter 8 (register descriptions) useful for 
BIOS- and driver-level codes. All registers are described to the bit level. Chapter 9, “Programming 
Notes”, contains pertinent programming information. 


Cirrus Logic supplies a VGA BIOS with extensions for extended graphics modes and extended 
functions. The VGA BIOS is described in Appendix C2; the BIOS extensions are described in 
Appendix C3. 


Conventions 


This section discusses conventions used throughout this document. Conventions include acro- 
nyms, abbreviations, and nomenclature usage. For a quick reference of acronyms see Table 1-2. 
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Table 1-2. Acronym Reference 
Acronym Definition Acronym Definition 
AC alternating current LBI local bus interface 
ALU arithmetic logic unit LSB least-significant bit 
ATE automatic test equipment LUT lookup table 
BIOS basic input/output system MA memory arbiter 
BitBLT bit boundary block transfer MC memory controller 
bpp bit per pixel MCC monochrome-to-color converter 
CAD computer-aided design MD memory data 
CAS column address strobe MMI/O memory-mapped I/O 
CGA color graphics adapter MSB most-significant bit 
CLUT color lookup table OFU operand fetch unit 
CMOS complementary metal-oxide OSU operand storage unit 
SeInEONOUCIOr PCI peripheral component 
CRT cathode ray tube interconnect 
DAC digital-to-analog converter PFS programmable frequency 
DC direct current py gsice! 
DDA digital differential algorithm a prese: caeacop 
DDC display data channel PQFP plastic quad-flat pack 
DPMS display power management qwerd iwo‘anorgs 
signaling RAC Rambus® access channel 
DRAM dynamic random access memory RAM random-access memory 
dword doubleword (16 bytes) RAS row address strobe 
EDO extended data out RDRAM Rambus® dynamic random-access 
EEPROM electrically erasable/programmable read- pijeteoes 
only memory RGB red, green, and blue 
EGA enhanced graphics adapter RIF Rambus® interface 
EPROM electrically programmable read-only ROPs raster operations 
ee RSU result storage unit 
EVAFC extended VESA® advanced feature RW readiwrite 
connector 
FIFO first in/first out 2G Sereno 
GPIO general-purpose VO SRAM static random-access memory 
GSC graphics system controller TSR terminate and stay resident 
GUI graphical user interface TTL transistor-transistor logic 
HDR Hidden DAG register VDD virtual device driver 
HRQ host read queue VESA® hoe Standards 
EE. horizontal/vertical synchronization VGA video graphics array 
HWQ host write queue we VESA® local 
IC integrated circuit VRAM video random-access memory 
V0 input/output ue Wuleenalle 
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Bits 


Bits are always listed in descending order, most-significant (highest number) to least-significant 
(lowest number). When discussing a bit field within a register or memory, the bit number of the 
most-significant bit is given on the left, followed by a colon (:), and then the bit number of the least- 
significant bit (for example, bits 7:0). A field consists of a set of adjoining bits with common func- 
tionality. 


Acronyms 


Throughout this manual, the first usage of all acronyms has the definition following in parentheses. 
Table 1-2 lists the most used acronyms found in this manual. For further definitions, refer to 
Appendix E1, “Glossary and Bibliography”. 


Abbreviations 


The unit ‘Kbyte’ designates 1024 bytes. The unit ‘Mbyte’ designates 1,048,576 bytes (1024 
squared). The unit ‘Gbyte’ designates 1,024 megabytes. The unit ‘Hz’ designates hertz. The unit 
‘kHz’ designates 1,000 hertz. The unit ‘MHz’ designates 1,000 kilohertz. The unit ‘ns’ designates 
nanosecond. The unit ‘us’ designates microsecond (1,000 nanoseconds). The unit ‘ms’ desig- 
nates millisecond (1,000 microseconds). The unit ‘mA’ designates milliampere. The use of ‘tod’ in 
tables indicates values that are ‘to be determined’. The unit ‘uF’ designates the capacitance mea- 
surement micro-farad (10-6 farad). N/A designates ‘not available’. The use of ‘n/c’ indicates the pin 
is a‘no connect’. 


Numeric Naming 


Hexadecimal numbers are represented with all letters in upper case and a lower-case ‘h’ is 
appended to them (for example, ‘14h’, ‘8A7h’, and ‘COOOh’ are hexadecimal numbers). Program- 
ming examples may use the C convention (prepend Ox to a hex number). Numbers not indicated 
by an ‘h’ are decimal. Octal numbers are not used in this manual. 


Reserved 


When a system memory or I/O address is referred to as ‘reserved’, it means that writing to that 
address is not permitted. Reserved bits must be written as ‘0’ to maintain upward compatibility. 


Read-Only 


The term ‘read-only’ is used to indicate registers and bits that can be read, but not written to. 
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2.1 


OVERVIEW 


The CL-GD5480 VisualMedia™ accelerator is a 64-bit SGRAM (synchronous graphics RAM) 
SVGA controller with hardware-accelerated BitBLT, video capture and display, and PCI bus mas- 
tering. 


Computer Graphics/Video Subsystem Architecture 


Figure 2-1 shows the components in a typical graphics/video subsystem based on the 
CL-GD5480. The CL-GD5480 connects to the host through a PCI 2.1—compliant system bus. In 
an adapter solution, a ROM contains the VGA BIOS (with extensions). The frame buffer consists 
of 1, 2, or 4 Mbytes of SGRAM clocked at up to 100 MHz. 


A video decoder connects directly to the V-Port with no glue logic. It allows video to be captured 
into the frame buffer for display or transfer to host memory using the video stream engine and the 
PCI bus master capability. The video decoder can be driven by a TV tuner or other video source 
(such as a VCR or analog camera). If a TV tuner is on the same adapter card, it can be directly 
controlled by the |2C port. 


The CL-GD5480 has extensive YUV 4:2:0 support. It can convert YUV 4:2:2 to YUV 4:2:0 as it is 
being captured and it can display YUV 4:2:0 in a video window. On the host side, it can accept and 
display YUV 4:2:0 in the planar format and it can write separate chrominance and luminance buff- 
ers in system memory using the video stream engine. 


The CL-GD5480 features a 64-bit GUI BitBLT engine with double-buffered, memory-mapped con- 
trol registers. Transparency is supported with color expansion for all color depths, and without 
color expansion (source transparency) for 8- and 16-bpp graphics modes. 


The CL-GD5480 incorporates two frequency synthesizers: one for the pixel clock and monitor tim- 
ing, and one for the synchronous SGRAM array and GUI accelerator. The internal RAMDAC 
includes an on-chip current reference and features RGB addressing (gamma correction) for 15-, 
16-, and 24-bpp display modes. 


= Se et sw 


ae ee er ee 


— VIDEO 
DECODER 
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CL-GD5480 












MONITOR 


SYSTEM BUS (PCI 2.1) 


Figure 2-1. Computer Display Subsystem Architecture 
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OVERVIEW 


Table 2-1 presents a list of the major features of the CL-GD5480 VisualMedia accelerator. 


Table 2-1. Features List 

























































































Features CL-GD5480 
General Features 
GUI acceleration width (in bits) 64 
Maximum dot clock 200 MHz 
Maximum memory clock 100 MHz 
100-Hz refresh rates Vv 
Resolutions up to 1600 x 1200 (see inside front cover) Vv 
Video Capture and Video Window Features 
Capture with data reduction, clipping, horizontal filtering Vv 
Capture with YUV 4:2:2 to YUV 4:2:0 conversion Vv 
Windows display YUV 4:2:2 and YUV 4:2:0 (primary window) v 
Smooth de-interlaced display of interlaced video v 
Pixel-wise occlusion support with color key or chroma key v 
Interpolated zooming in primary window (independent for X and Y) Vv 
Simultaneous occlusion and interpolated zooming Vv 
Second video window displays local video v 
Multi-format frame buffer Vv 
BitBLT Engine Features 
Transparent source BitBLT Vv 
X-Y BitBLT addressing Vv 
X-Y clipping v 
Command list execution (list in frame buffer) Vv 
Packed-24 display mode support Vv 
Multimedia and Games Features 
Active display line readback Vv 
‘Page flip’ support Vv 
SGRAM Display Memory 
64-bit SGRAM display memory interface Vv 
100-MHz operation v 
Memory size (Mbytes) 1,2,4 
16-, 32-bit-wide synchronous DRAMs v 
256K x 16, 256K x 32, 512K x 32 SGRAM v 
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Table 2-1. Features List (cont.) 
Features CL-GD5480 


Fully Integrated 





l2C support 
8-bit general-purpose I/O bus 
DDC2B support 


‘Green PC’ power-saving features 








NESE SESYS 


Direct PCI bus interface (2.1 compliant) 





S 


VESA® pass-through feature connector 
Integrated triple 8-bit DAC 200 MHz 


Hardware LUT with independent RGB access (gamma correction) 
for 15-, 16-, 24-bpp RGB 


Programmable dual-clock synthesizer 





S 





Microsoft® PC97 Compliance 





Direct access to frame buffer independent of BitBLT engine v 





S 


Subsystem/subsystem Vendor ID 
Relocated VGA, BitBLT registers 





S 





Miscellaneous 


CL-GD5446 software-compatible 
Low-power CMOS, 208-pin PQFP package 
3.3V supply voltage 


100% hardware- and BIOS-compatible with 
IBM® VGA display standards 








SIS) S78 

















Major Components 


The CL-GD5480 incorporates all of the following logic into a single integrated chip. These fea- 
tures are discussed in the following sections. The diagrams in these sections are functional 
block diagrams of the components and are not intended to represent actual implementation. 


VGA Core 


The VGA core is register and software compatible with the IBM VGA. The VGA core includes 
a set of registers that precisely replicate those implemented in the VGA. This includes the 
Standard Sequencer, Graphics Controller, CRT Controller, and Attribute Controller registers. 
While many of these registers are physically implemented in some other block of the 
CL-GD5480, it is reasonable to think of them as logically existing in the VGA core. 


Memory Interface 


The sequencer controls access to the display memory. It ensures that the necessary screen 
refresh and dynamic memory refresh cycles are executed, and that the remaining memory 
cycles are made available for CPU read/write operations, BitBLT read/write operations, V-Port 
write operations, and stream engine fetches. 
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The sequencer consists of a memory arbitrator and a memory controller. The memory arbitrator 
accepts requests from each of the internal blocks that access the memory and allocates cycles 
according to their relative priorities. Dynamic memory refresh and screen refresh have the highest 
priorities. 


The memory controller generates the signals and addresses necessary for accessing display 
memory. The memory controller is driven by a clock optimized for the speed of the SGRAM used, 
independent of the VCLK (video clock). The memory controller clock can be programmed up to 
100 MHz. 


SCREEN CONTROLS 
REFRESH 
costes i 
EnORY NELIGAY, BUFFER 


SITEET ARBITRATOR MD[63:0 
ENGINE CONTROLLER [63:0] 


STREAM 
ENGINE 


V-Port™ 





HOST 
BITBLT ~« MEMORY DATA 


V-Port™ DISPLAY FIFOS 





Figure 2-2. Memory Interface Functional Diagram 


CRT Controller 


The CRTC generates the timing signals for the monitor (HSYNC and VSYNC), as well as a blank- 
ing term for the RAMDAC. It is compatible with the IBM VGA with extensions for higher resolutions. 
The CRTC also includes the standard VGA features such as text mode cursor, configurable sync 
polarities, smooth text scrolling and panning, and split screen. 


The CRTC drives screen refresh by sending read requests and frame buffer addresses to the 
memory controller (through the memory arbitrator). The requests and addresses are issued in 
concert with the electron beam painting the screen so that pixels appear in the correct relative 
locations. The CRTC knows about video windows and issues read requests to fetch video for dis- 


play. 
The CRTC in the CL-GD5480 is extended for high spatial and color resolution display modes (up 


to 1600 x 1200 and up to 32 bpp). In addition, it supports a graphics cursor intended for GUI. The 
CRTC in the CL-GD5480 can be GENLOCKed to an external timing generator. 
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Figure 2-3. CRT Controller Functional Diagram 


VGA Graphics Controller 


The graphics controller provides compatibility with the graphics controller in the IBM VGA. It sup- 
ports write modes 0 through 3 and read modes 0 and 1. In addition, the graphics controller pro- 
vides VGA compatible color compare, logical operations, SET/RESET logic, and rotate. The 
graphics controller registers are described in Chapter 4, “VGA Core Registers”. 


The graphics controller is provided for compatibility with legacy applications. New applications 
should be written to take advantage of the GUI acceleration functions available on the 
CL-GD5480. 


VGA Attribute Controller 


The VGA attribute controller provides compatibility with the IBM VGA. The attribute controller con- 
trols the blinking and underline attributes in albhanumeric modes. It also provides horizontal pixel- 
panning capability in both alphanumeric and VGA-compatible graphics modes. The attribute con- 
troller registers are described in Chapter 4, “VGA Core Registers”. 


The attribute controller is provided for compatibility with legacy applications. New applications 
should be written to take advantage of the GUI accelerator functions available on the CL-GD5480. 


BitBLT Engine 


The CL-GD5480 BitBLT engine supports transparency with color expansion for all graphics for- 
mats and transparency without color expansion (source transparency) for 8- and 16-bpp graphics 
formats. Color expansion leverages the PCI bus bandwidth by transferring a single bit for each 
pixel (up to 32 bits). 


A separate 16-Mbyte memory space is provided for the exclusive use of the BitBLT engine. This 
allows completely autonomous processes to access the frame buffer without interference. This is 
necessary, for example, when an MPEG decoder is running under Windows. 


The BitBLT control registers are double-buffered and memory-mapped. Double-buffered registers, 
in conjunction with the autostart feature, allow concurrent operation of the host and the BitBLT 
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engine. The host can prepare and load the parameters for operation n + 1 while the BitBLT engine 
is executing operation n. When the current operation completes, the BitBLT engine automatically 
loads and begins with the parameters for the next operation. 


The BitBLT engine supports command list execution, intended primarily for text expansion. As 
each BitBLT completes, a partial parameter set for the next BitBLT is loaded from the frame buffer 
and immediately executes. The partial parameter set includes a new destination address, new 
height and width, an optional source address, and optional ROP and mode parameters. Each 
parameter set writes a single character. 


The BitBLT engine on the CL-GD5480 supports X-Y addressing of both source and destination 
rectangles. This allows the application to avoid time-consuming calculations of byte addresses in 
the frame buffer. 


The BitBLT engine on the CL-GD5480 supports a clipping rectangle. This allows the application 
to prevent writes outside the desired region independently of the specification of the destination 
rectangle. 


HOST INTERFACE 


DOUBLE-BUFFERED 
REGISTERS 
WORKING 
REGISTERS 






SYSTEM-TO-SCREEN 





TRANSPARENCY 
COLORS 


COLOR EXPANSION 
COLORS 









FRAME 
BUFFER 


64-BIT DATA FLOW 


Figure 2-4. BitBLT Engine 
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2.10 Video Capture 


The CL-GD5480 V-Port accepts video data from a real-time or recorded source and stores it into 
the frame buffer. V-Port can accept data in YUV 4:2:2, RGB16, and AccuPak™ formats. Figure 2-5 
shows the V-Port functional block diagram. 


Video data can be shrunk as it is being stored by discarding pixels, scanlines, or entire fields. Hor- 
izontal shrink can include 3- or 5-tap filtering. YUV 4:2:2 video can be converted to YUV 4:2:0 as 
it is being captured. 


The video capture address can come from any of up to three register sets, allowing automatic mul- 
tiple buffering. When this is used, the video buffers being used for capture and display can be auto- 
matically swapped, ensuring that partial images are not displayed or transferred to the host. The 
video stream can be re-directed to the secondary window on a field-by-field basis, supporting local 
and remote video for conferencing. 


The CL-GD5480 has an independent video capture FIFO, allowing simultaneous video capture 
and occlusion/interpolated Y-zooming (subject to frame buffer bandwidth restrictions). 










SHRINK 


CONTROL CAPTURE ADDRESS 


YUV 4:2:0 GENERATOR LOGIC 


CONVERSION 





FRAME 


V-Port™ 
VIDEO CAPTURE FIFO BUFFER 





Figure 2-5. V-Port™ Functional Block Diagram 
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2.11 


FRAME — 
BUFFER _ 


Video Windows and Video Display 


The CL-GD5480 has two video window generators that each define a rectangular area on the dis- 
play. Each window can display video data that can (and typically does) have a format different from 
graphics data. Typically, video data also comes from areas in the frame buffer that are separate 
from each other and separate from the graphics data. YUV (4:2:2 in CCIR601 encoding) data is 
color space converted to RGB in the video pipeline. 


Video data can be zoomed for display in the primary video window. Zoom factors in the range of 
1 through 4 are generally used. X-zooming is always done with interpolation (the intermediate pix- 
els values are a weighted average of ‘real’ pixels). Y-Zooming can be done with interpolation or line 
replication. The primary video window also supports video shrinking. 


When interlaced video is being displayed, the fields can be smoothed together with vertical inter- 
polation. 


The CL-GD5480 has support for occlusion in the video windows. This permits window data and 
background data to be mixed on a pixel-by-pixel basis. Color keying on the graphics data or 
chroma keying on the video data (self-keying) is used to choose the pixels that are to be replaced 
with corresponding pixels from the alternate data stream. Occlusion is supported in 8-, 16-, and 
24-bpp graphics display modes. When the two windows overlap, the application can specify which 
will be displayed in the area of overlap. 


Both windows support left-right mirroring of data as it is being displayed. 


The secondary video window is intended primarily as the V-Port monitor for local video during 
video conferencing, or for game applications that do not require resizing. It does not support 
zooming or shrinking. It uses the same color or chroma key as the primary window. 


-——?]| GRAPHICS FIFO OCCLUSION 
LOGIC 





TO 
LUTs 








COLOR SPACE 
CONVERSION 


WINDOW 1 
VIDEO FIFO ZOOM/SHRINK 


LINE BUFFER INTERPOLATION 















WINDOW 2 


>| VIDEO FIFO > WINDOW-ON-TOP 


SELECTION LOGIC 


Figure 2-6. Video Window Data Paths 
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2.12 


2.13 


2.14 


2.15 


2.16 


Programmable Synthesizers 


The CL-GD5480 includes two frequency synthesizers. One is programmed to generate the pixel 
clock for all supported screen formats. The other is programmed to generate the memory clock 
used by the memory array and the GUI accelerator. 


The pixel clock synthesizer can support a pixel clock of up to 200 MHz (clock doubling is used for 
pixel clock frequencies above about 135 MHz). The memory clock synthesizer can be pro- 
grammed for synchronous DRAM clock frequencies up to 100 MHz. 


The synthesizer block includes an on-chip oscillator that requires only an inexpensive, two-pin 
14.31818-MHz crystal. Alternatively, it can use a reference from an external source. 


Palette DAC 


The CL-GD5480 includes an integrated palette DAC that connects to an analog monitor connector 
through appropriate RFI filters. The palette DAC can be programmed for 256 simultaneous colors 
from a palette of 256K, or it can be programmed for Direct-color mode. In Direct-color mode, two, 
three, or four contiguous bytes from the display memory are combined for each pixel. This allows 
32K, 64K, or 16.8 million simultaneous colors on the screen. The CL-GD5480 supports pixel rates 
of up to 200 MHz. 


The CL-GD5480 supports color space conversion and can display YUV 4:2:2, YUV 4:2:0, or 
AccuPak video data in the hardware video windows. The palette supports independent addressing 
(gamma correction) on 15-, 16-, and 24-bpp graphics modes. 


PCI Bus Interface 


The CL-GD5480 includes a glueless 32-bit PCI bus interface. This interface features full PC! com- 
pliance, including optimized PCI burst writes. 


The frame buffer is addressable through two 16-Mbyte address spaces, each consisting of three 
4-Mbyte byte-swapping apertures plus a fourth aperture. The fourth aperture in the first address 
space supports video related transfers from the host. The VGA control registers can be relocated 
to anywhere in memory space (allowing multiple devices in a single system). 


PCI bus mastering on the CL-GD5480 supports the video stream engine, which writes capture 
data directly to system memory. As data is written, it can be scaled and optionally converted to 
standard planar YUV 4:2:0. 


DDC2B/I2C Support 


The CL-GD5480 supports a two-pin I2C interface used for DDC2B support. It can also control 
peripherals such as TV tuners with an I2C interface. 


General-Purpose I/O Port 


The CL-GD5480 provides address decoding and an 8-bit data bus for an additional peripheral 
device on the same adapter board as the device itself. The CL-GD5480 provides address and data 
buffering to comply with the PCI ‘one-load’ specification. The base address of the port is specified 
in a PCI configuration register. The port can be in I/O space or memory space. 
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2.17 Compatibility 
The CL-GD5480 is compatible with the IBM VGA standard. 


2.18 Microsoft® PC97 Compliance 


The CL-GD5480 is compliant with the PC97 Design Guide, v0.8. 
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FEATURES 


MH 64-bit high-bandwidth synchronous DRAM interface 
— 800 Mbytes/sec. peak memory bandwidth 


— Supports modes up to 1600 x 1200, 64K colors at 60 Hz and 
1280 x 1024, 16.8M colors at 75 Hz 


— Provides significant additional memory bandwidth for BitBLT 
(bit boundary block transfer) and video window operations, 
even in high-resolution/color-depth graphics and video modes 

Microsoft® PC97-compliant 

— Direct access to frame buffer independent of BitBLT 

— Relocated VGA and BitBLT registers 

— System, subsystem vendor ID 

— Low-resolution modes for Direct3D™ 


Video conferencing advantages 


— Glueless digital camera interface with direct support of CCIR 
(ITR-U, International Radio Consultive Committee) 6:5:6 
format 


— Dual-hardware video window for local and remote viewing 

— Optional PCI bus master conversion to YUV 4:2:0 for off- 
loading CPU during local view transmission 

— Remote and local view mirror image and vertical flip options 

— Continuous XY filtered downscaling for video conference 
display size 

Intel® Intercast™ support 

— Luminance-only video capture mode for efficient VBI (vertical 
blanking interval) data processing 

— Simultaneous capture and transfer of VBI data to system 
memory while TV picture is displayed in the video window 

— PCI bus master write operation for fast transfer of VBI data to 
system memory without CPU intervention 

MPEG playback assist 

— Playback support for native MPEG format of planar YUV 4:2:0, 
freeing CPU of conversion burden 

3 x 8 palette LUT with independent RGB addressing for 

color adjustment (such as gamma correction) in 15-, 16-, 

and 24-bpp modes 


64-Bit SGRAM 


GUI Accelerator 





OVERVIEW 


The CL-GD5480 is the latest member of the Cirrus Logic 
Alpine™ family and interfaces to a high-speed SGRAM 
(synchronous graphics RAM) frame buffer. This device 
delivers a high-performance combination of graphics, 
animation, better-than-TV quality full-screen video, and 
software 3D acceleration in an integrated single-chip device. 


Packaged in a 208-pin PQFP and using the industry- 
standard V-Port™ to interface directly to various video input 
devices, the CL-GD5480 offers a highly cost-effective and 
flexible VisualMedia™ solution. 


The V-Port, GPIO, and I@C bus interfaces provide a glueless 
connection to external devices to play back disk-based video 
files (including MPEG), and to provide TV-in-a-window, 
closed captioning, Intercast™, and video conferencing. 


The CL-GD5480 has many features designed specifically to 
optimize Microsoft® DirectDraw™ performance. Hardware 
support for Microsoft Direct3D™ software also enables a 
cost-effective 3D visual system. 


The CL-GD5480 is software-compatible with the Cirrus 
Logic Alpine™ family, featuring the industry’s most stable 
software drivers, most extensive software QA process, and 
best language localization support. The VPM™ (video port 
manager) interface, an industry-standard driver API created 
by Cirrus Logic for Windows® 3.1x and Windows® 95, 
provides an easy path for V-Port peripheral application 
software development. 





System Block Diagram 


SGRAM 


1, 2,4 MBYTE 


OPTIONAL PERIPHERALS 


MPEG 
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CIRRUS LOGIC 
ADVANTAGES 


Outstanding VisualMedia™ Acceleration 





m@ BitBLT command list in off-screen memory 
HM 100-MHz synchronous memory (SGRAM) interface 


PCI bus master writes of captured video data streams 


High-performance PCI bus interface 


Full PCI v2.1-compliance 


Vertical scanline readback, display double-buffering 
support, and transparent BitBLT operations 


Z,C interleave data separation on system-to-screen write 


Superior Video Performance 


Advanced video playback features with continuous 
interpolated zoom/shrink, and color/chroma key overlay for 
all modes 


YUV 4:2:0 display support including 4:2:2-to-4:2:0 capture 
conversion option 


Second hardware video window support 


Patented multiformat frame buffer with independent 
memory apertures for BitBLT and CPU/video operations 


Cost-Effective Design and Integration 
M@ Advanced 0.4-um CMOS process 


HM Cirrus Logic-owned manufacturing capacity 
M@ Video capture V-Port™ interface to external video devices 


MH GPIO and [2C interfaces 


@ Integrated dual synthesizer and filters, oscillator, 200-MHz 
RAMDAC and current reference 


Compatibility and Ease of System Design 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


BENEFITS 


OV Enhances graphics performance, especially for text. 


© Faster screen refresh performance for higher resolutions 
and monitor refresh rate support. 


1 Increases performance of video capture-to-system 
memory transfers for multiple applications, such as video 
conferencing, Intercast™, and software 3D acceleration. 


O Provides ample interface speed margin compared with 
available and next-generation core logic chipsets. 


Q 


Interfaces easily to high-performance core logic chipsets. 


OG Optimizes display page-flipping support for outstanding 
games animation performance under DirectDraw™. 


© Accelerates software 3D performance. 


© Maintains high-quality video over a wide range of sizing 
options with video and graphics overlay support in all color 
depths. 


© Accelerates MPEG-2 native codec playback and capture. 


0 Allows display of video conferencing local view. 





OF Allows concurrent operations and independent 
graphics/video color depths for efficient 
memory/bandwidth usage. 


© Higher speed and performance margin with low-power 
operation. 


© Full control and access to advanced manufacturing 
processes. 

O Eliminates the need for a separate video frame buffer, 
lowering overall system cost. 


OV Provides a low-cost control interface for applications such 
as TV tuners, DVD (digital video disk) drives, and digital 
cameras. 





© Lower overall system implementation cost. 





@ Industry’s best VisualMedia™ software support © Extensive QA process and maintenance program ensures 
high quality and maximum customer satisfaction. 

H Compatible with CL-GD5446 software © Based on production-proven, high-quality software. 

@ Localization support GO Complete utility localization for 21 languages. 

H Cirrus Logic TVTap™ application software Oj TV decoder software for CL-GD5480 interface with the 
most popular video decoders and tuners. 

m@ VPM™ provider for Windows® 3.1x and Windows® 95 O Eases peripheral-application software development. 

m@ VMI 1.4-compatible © Easy connection to external video devices. 

M Supports x32 SGRAMs up to 100 MHz 0 Allows multiple memory configurations and vendors. 

H Compatible with VGA and VESA® standards GO Compatible with installed base of systems and software. 
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SOFTWARE SUPPORT 
DRIVERS 


Microsoft® Windows® 95 

Microsoft® Windows® NT™ v3.51, v4.0 

Microsoft® Windows® 3.1x 

OS/2® v2.1, v2.11, v3.0 

AutoCAD® v12.0, v13.0 

MicroStation 

UNIX® (Solaris, SCO, Unixware) 

VPM provider under Windows® 3.1x and Windows® 95 


UTILITIES 

m= Graphics and video diagnostics test 

a Windows® NT™ and DOS utilities 

= Display mode configuration utility — CLMODE 

= Set resolution in Windows® utility — WINMODE 

= Configurable system integration for OEMs — OEMSI 
a DMI (desktop management interface) support 

= Gamma correction user interface 

a EZREZ:Windows® 3.1 resolution/color depth change 


on-the-fly 


= Windows® 95 refresh rate/resolution/color depth change 


utility 
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BIOS SUPPORT 


IBM® VGA-compatible BIOS 

32 Kbytes with PCI bus support 

Adapter or motherboard implementation 

VBE™ 2.0 (VESA® BIOS extensions) support in ROM 


Support for DPMS (display power management signaling) 
in ROM 


VESA® monitor timing-compliant 
= DDC2B support 


LOCALIZATION 

a Simplified Chinese m Korean 

a Traditional Chinese = Norwegian 

m Gcech = Polish 

= Danish = Brazilian Portuguese 
2 ae = Portuguese 

= French = Russian 

= German = Latin American Spanish 
= Hungarian m Spanish 

a italian = Swedish 

m Japanese a Thai 


CL-GD5480 Extended Display Modes and Refresh Rates (Hz) 






































Resolution 16 Colors 256 Colors 16.8M Colors 
640 x 400 - 70 - - 
640 x 480 60 (standard VGA) 60, 72, 75, 85, 100 
800 x 600 56, 60, 72, 75 56, 60, 72, 75, 85, 100 
1024 x 768 4314, 60, 70, 75 43i, 60, 70, 75, 85, 100 43i, 60, 70, 75, 85 
1152 x 864 = 70, 75, 85, 100 70, 75, 85 70, 75 
1280 x 1024 43i 43i, 60, 75, 85 43i, 60 
1600 x 1200 = 48i, 60 - 














a ‘j indicates interlaced. 


APPLICATIONS SUPPORT 


@ Technical reference manual and design kit — complete 


data book, electrical specifications, register set 
definitions, pin descriptions, reference designs, and 
applications information. 


m@ BIOS and driver release kits — contains user guides, 


PDR (problem description report) forms, source code 
license agreement, and quality assurance procedures. 


@ PCI board evaluation kit — adapter card including 
CL-GD5480, on-board BIOS, and 2-Mbyte SGRAM 
shipped with complete design package (schematics, 
Gerber® files) and software drivers. 


@ Electronic information services: 
— ftp: ftp.cirrus.com 
— World Wide Web: http:/Awww.cirrus.com 
— BBS: (510) 440-9080 
— Fax-on-demand: (510) 249-4200 


November 1996 SSS SSS _______S____SSSSSSSSSSSSSSSSSsssS SSS SSS 3-3 


ADVANCE DATA BOOK v1.0 


OVERVIEW 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


: 








SS" CIRRUS LOGIC 


Table of Contents 


CONVENTIONS ecssiiisicsicscicecacccccacacasactievcte soevetccstcacievetevstsaccantdante este saieltes 3-5 

Ts JPIN: INFORMATION 'sssisscnscsacccadepcvseanenancaceconevasssssuendsuausuavtunneatsaaseasscoseceess 3-7 
Dede SPIN SUMUMARY cxtencceesbivcace vt cxcttcadtend ded deecheedayhadeslbeds na dishaete bichon dled eh iexbeeitees 3-8 

2.. FUNCTIONAL DESCRIPTION i iiiciccsiecesescscceccetcvecssssnensestasascsnsaeosscesesces 3-19 
2.1 (Generaliesavii whe ieed ae ieee ele. ee Se aie 3-19 
2:2) (PUNCIONAl:BIOCKS asctccteccovecesberoeteceitcepecd es tncueee oblate le coed teuecetd be cheveshe tee eae aeedeea ics 3-19 
2.2.1 PClMntertace ss nats ols iste Sek aetna att tere htaceateaeetens Soothers 3-20 

2.2.2 Bus:-Master Logics cs. .iac Aiea iene a wai 3-20 

ZrO Ont « GPWARI ROS ose tc cecfeciorsick cuzeshfaaz. tpyalees act bated havea, teat tuned devaahpeatetelantees aks 3-20 

224 NGA GOV aii ccics ieee eedutebis castes Tensteetadh bis techie lataesi ant steathbeactedeaseerenited beans 3-20 

2.2.5 Memory Arbitrator. ....... ccc cccccceeeeeeeeeeeeeeeeeeeeeaaeeeeeeeaeeeeseeaaeeeesseaeeeeeseeaaes 3-20 

2.2.6 Memory SQQUENGCEDL ...........:cceeeceeeceeeeeeeeeeeeeeeeeeeaaeeeeeeeeeeaaesseeaeeetaeesteneeeeas 3-20 

22.7. “BBE Engines snice iAngisteniar sain i i aia 3-20 

2.2.8 Display:FIFOS ics. tein iecntaay i oaiie ie ee edi aan ee ea eee 3-20 

2.2.9 Window Logic and Occlusion Suppolt...........::::ceeseceeeceeeeeeeeeseeeeeeeseeeeeees 3-21 

222510," NPOrt™ tviiarciwticta i ainwitwat dia cwh iit ide wala chee 3-21 

2.2.11 Video Stream Engine ...........c:ccccececceeeceeeeeeeeececaeeeeeeeeseaeeeseeeeseceeeenaeeneees 3-21 

2:2 12.> -Palette DAG ssseac ected ucattes aeothbi vey ansonlect sop noveds enaahibteaadenstlvesiaaindeizsstinat geass 3-21 

2.2.13 Dual-Frequency SynthesiZer ...........cceeeeceeceeeeeeeeee cece eeseeaeseeeeeeeeeaeeteaes 3-21 

2.2.14 WESA®/VGA Pass-Through Connectol .........:c::ccecceseeeeeeeeeeeeneeeeeeeeeeeeees 3-21 

2.2.15 General-Purpose I/O Port..........cccccececeeeeeneececeeeeeeeeeseceeeeeeeaeseeeeeeeseaeeneaes 3-21 

Pre AG? MEG MTCC sarc senustvat Gotess assin dace carnasns taabaaerd sana Gena uf samaataenamalind oa mecten aes 3-21 

23) (POMOKIMANCES: ses sedcererebel cect edvistecebevagndceertybnerges itl reseecvua shades tvbetenesshbe rivdvsviemtetenvi veces 3-21 
2.4 Board: Testability: sack wai aie ae eh eee 3-22 

3. ‘CONFIGURATION TABLES \icccsiinssiciccecsecssecssecsveccsivesinvsensnssesttecsenceeads 3-23 
Sil” (Display: MOde@S ace. tccticteteecttctecbe ind rebs sede shigeistevie died tebdaetascaeeieneco eee eeevares 3-23 

4. VGA REGISTER: PORT. MAP ss iccccesccessscsesestecececescccutvenecevavenvesescccsestenees 3-28 
5. CL-GD5480 REGIST ERS ‘iia is sedate sscrestutncnsie sons vetctecudstetwsviieasiventeeeevencs 3-29 
6. PACKAGE SPECIFICATIONS ciiciscscstsceisscsctetcetecceceesecarestetncisndtessenesoeces 3-38 
7. ORDERING INFORMATION EXAMPLE ...........0..::cccceccceeeeeeeeeeseeeeeeenees 3-39 

3-4 —————EEEEE————_—_————_—L——_LL_LEE_—===SSSSSSSsa 5559882) November 1996 


CONTENTS ADVANCE DATA BOOK v1.0 


CL-GD5480 


64-bit SGRAM GUI Accelerator 






































CONVENTIONS 
Abbreviations 
Symbol Units of measure 
°C degree Celsius 
Hz hertz (cycles per second) 
Kbyte kilobyte (1,024 bytes) 
kHz kilohertz 
kQ kilohm 
Mbyte megabyte (1,048,576 bytes) 
MHz megahertz (1,000 kilohertz) 
uF microfarad 
us microsecond (1,000 nanoseconds) 
mA milliampere 
ms millisecond (1,000 microseconds) 
ns nanosecond 
pV picovolt 
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The use of ‘tbd’ indicates values that are ‘to be determined’, ‘n/a’ designates ‘not available’, and ‘n/c’ indi- 
cates a pin that is a ‘no connect’. 


Acronym 


DAC 


Definition 


digital-to-analog converter 








DC 


direct current 








DDA 


digital differential algorithm 








DDC 


display data channel 








DMI 


desktop management signaling 











DPMS 


display power management 
signaling 








DRAM 


dynamic random access memory 








dword 


doubleword (16 bytes) 











EEPROM 


electrically erasable/programmable 
read-only memory 





EGA 


enhanced graphics adapter 











EPROM 


electrically programmable read-only 
memory 

















EVAFC 





extended VESA® advanced feature 
connector 











Acronyms 
Acronym Definition 
AC alternating current 
ALU arithmetic logic unit 
ATE automatic test equipment 
BIOS basic input/output system 
BitBLT, BLT bit boundary block transfer 
bpp bits per pixel 
CAD computer-aided design 
CAS column address strobe 
CGA color graphics adapter 
CLUT color lookup table 
CMOS complementary metal-oxide 
semiconductor 
CPU central processing unit 
CRT cathode ray tube 
CRTC CRT controller 
November 1996 
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Acronym Definition Acronym Definition 
FIFO first in/first out two dwords 
GPIO general-purpose IO Rambus® access channel 
GSC graphics system controller random-access memory 
GUI graphical user interface row address strobe 
HDR Hidden DAC register Rambus® dynamic random-access 
memory 
HRQ host read queue 
: ; ar red, green, and blue 
HSYNC/VSYNG horizontal/vertical synchronization 
- Rambus® interface 
HWQ host write queue 
: rae raster operations 
IC integrated circuit 
: result storage unit 
/O input/output 
- read/write 
LBI local bus interface 
mah : serial clock 
LSB least-significant bit 
signature generator 
LUT lookup table 
: synchronous graphics RAM 
MA memory arbiter 
static random-access memory 
MC memory controller 
terminate and stay resident 
MCC monochrome-to-color converter 
transistor-transistor logic 
MD memory data 
VESA BIOS extensions 
MMI/O memory-mapped I/O 
——— : vertical blanking interval 
MSB most-significant bit 
- virtual device driver 
OFU operand fetch unit 
- Video Electronics Standards 
OSU operand storage unit Association 
PCI peripheral component video graphics array 
interconnect 
VESA® local 
PFS programmable frequency 
synthesizer video port manager 
PLL phase-locked loop video random-access memory 
PQFP plastic quad-flat pack write enable 

















Numeric Naming 





Hexadecimal numbers are represented with all letters in upper case and a lower-case ‘h’ is appended to 
them (for example, ‘14h’, ‘3A7h’, and ‘COOOh’ are hexadecimal numbers). Binary numbers are repre- 
sented with a lower-case ‘b’ appended. Numbers not indicated by a ‘b’ or an ‘h’ are decimal. 
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1. PIN INFORMATION 


The CL-GD5480 is available in a 208-pin PQFP (plastic quad flat pack) or HQFP (high-performance quad 


flat pack) for the PCI bus only. 


VDD10 


134 | ~<—» MD15 
—=s MDI2 
VSs11 

127 | ~=—» MD9 


130 |<» MD11 

















140 | ~«—» MD26 
139 | ~—» MD25 
138 | ~=—» MD24 
137 |» DQMoO 
136 |}——» DQM3 
133 | ~«—.» MD14 
132 | ~=—» MD13 
129 | ~~«—» MD10 
126 | ~=—» MD8 

125 |——> DQM1 
124 | ——» DQM2 
123 | ~=—» MD23 








MISC 
EVIDEO# 
ESYNC# 


CL-GD5480 
208-Pin PQFP/HQFP 
PCI Bus 


DACVSS1 
GPIOD4 
GPIOD5 
GPIOD6 
GPIOD7 

DACVDD1 

EROM# 
DACVSS2 
RSET 
BLUE 
GREEN 
RED 
DACVDD2 
IREF 
CLKVSS 
I2CDAT ~—*]201 
12CCLK —«—»]| 202 
CLKVDD 
RST# ——]204 
REQ# ~——]205 
GNT# ——]206 
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1.1. Pin Summary 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


Many of the pins on the CL-GD5480 are multi-purpose and pin types vary according to function. Each 
multi-purpose pin appears in two or more of the following tables. In each table, the pin type and loading 
information reflect the use described in that table. The following abbreviations are used for pin types in 
the following tables: (I) indicates input; (O) indicates output; (O-Z) indicates tristate output; (OC) indicates 


open-collector output; (BIO) indicates bidirectional 1/O. 


Table 1-1. Host Interface 

























































































Name sas Bi Pulkups fe an 7H 
IDSEL 13 | 

RST# 204 | 

PCICLK 207 | 

GNT# 206 | 

FRAME# 24 BIO -3 8 240 
IRDY# 25 BIO -3 8 240 
TRDY# 26 BIO -3 8 240 
DEVSEL# 28 BIO -3 4 200 
STOP# 29 BIO “3 8 240 
PAR 30 O “3 8 240 
REQ# 205 O “3 8 240 
INTA# 2 Oc (OC) 8 240 
C/BE#3 12 BIO “3 8 240 
C/BE#2 23 BIO “3 8 240 
C/BE# 31 BIO “3 8 240 
C/BE#0 42 BIO -3 8 240 
AD31 3 BIO -3 12 240 
AD30 4 BIO -3 12 240 
AD29 5 BIO -3 12 240 
AD28 6 BIO -3 12 240 
AD27 7 BIO -3 12 240 
AD26 8 BIO -3 12 240 
AD25 9 BIO -3 12 240 
AD24 10 BIO -3 12 240 
AD23 14 BIO -3 12 240 
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Table 1-1. Host Interface (cont.) 



























































wees haar ee ulus a fics igs 
AD22 15 BIO -3 12 240 
AD21 16 BIO -3 12 240 
AD20 17 BIO -3 12 240 
AD19 18 BIO -3 12 240 
AD18 19 BIO -3 12 240 
AD17 20 BIO -3 12 240 
AD16 21 BIO -3 12 240 
AD15 33 BIO -3 12 240 
AD14 34 BIO -3 12 240 
AD13 35 BIO -3 12 240 
AD12 36 BIO -3 12 240 
AD11 37 BIO -3 12 240 
AD10 38 BIO -3 12 240 
AD 39 BIO -3 12 240 
AD8 Al BIO -3 12 240 
AD7 43 BIO -3 12 240 
AD6 44 BIO -3 12 240 
ADS 45 BIO -3 12 240 
AD4 46 BIO -3 12 240 
AD3 48 BIO -3 12 240 
AD2 49 BIO -3 12 240 
AD1 50 BIO -3 12 240 
ADO 51 BIO -3 12 240 
































a Indicates nominal 250-kQ pull-up resistor. 
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Table 1-2. BIOS ROM 






























































a nee ae fies low (mA) | Ig, (mA) | Load (pF) | Also Used As: 

BIOSA14 158 O e <3 8 50 EVIDEO+ (I), VACT (I) 

BIOSA13 | _ 159 O e 3 8 50 ESYNC# (I) 

BIOSA12 160 O e 5 8 50 EDCLK¢ (I), VREF (1) 

BIOSA11 | 180 O 3 8 50 GPIOAS# (0) 

BIOSA10 | 178 O 3 8 50 GPIORD# (0) 

BIOSAQ 179 O 3 8 50 GPIOWR¢# (0) 

BIOSA8 170 O 223 8 50 BLANK# (BIO), HREF (I) 

BIOSA7 168 O 3 8 50 P7 (BIO), PIXD7 (I) 

BIOSA6 167 O 5 8 50 P6 (BIO), PIXD6 (I) 

BIOSA5 166 O 3 8 50 P5 (BIO), PIXDS (I) 

BIOSA4 165 O “3 8 50 P4 (BIO), PIXD4 (I) 

BIOSA3 164 O a: 8 50 P3 (BIO), PIXD3 (I) 

BIOSA2 163 O = 8 50 P2 (BIO), PIXD2 (I) 

BIOSA1 162 O — 8 50 P1 (BIO), PIXD1 (I) 

BIOSAO 161 O 3 8 50 PO (BIO), PIXDO (I) 

BIOSD7 190 | GPIOD7 (BIO), OUT1 (O) 
BIOSD6 189 | e GPIOD6 (BIO), OUTO, CF7 
BIOSDS5 188 | e GPIODS (BIO), CF6 

BIOSD4 187 | e GPIOD4 (BIO), GPIOA4 (0), CF5 
BIOSD3 185 | e GPIOD3 (BIO), GPIOA3 (0), CF4 
BIOSD2 184 | e GPIOD2 (BIO), GPIOA2 (0), CF3 
BIOSD1 183 | e GPIOD1 (BIO), GPIOA1 (0), CF2 
BIOSDO 182 | e GPIODO (BIO), GPIOAO (O), CF1, INO 
EROM# 192 O -12 12 35 
































a Indicates nominal 250-kQ pull-up resistor. 
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Table 1-3. Display Memory Interface 








































































































Pin Name es Pin Type Pull-up@ lon (MA) lot (mA) Load (pF) 
SMCLK 105 O -12 12 50 
RAS# 97 O -12 12 50 
CAS# 112 O -12 12 50 
CSO# 96 O -12 12 50 
CS1# 113 O -12 12 50 
WE# 111 O -12 12 50 
DQM7 85 O -12 12 50 
DQM6 74 O -12 12 50 
DQM5 84 O -12 12 50 
DQM4 73 O -12 12 50 
DQM3 136 O -12 12 50 
DQM2 124 O -12 12 50 
DQM1 125 O -12 12 50 
DQMO 137 O -12 12 50 
MA9 110 O -12 12 150 
MA8 109 O -12 12 150 
MA7 107 O -12 12 150 
MA6 106 O -12 12 150 
MA5 104 O -12 12 150 
MA4 103 O -12 12 150 
MA3 102 O -12 12 150 
MA2 101 O -12 12 150 
MA1 99 O -12 12 150 
MAO 98 O -12 12 150 
MD63 95 BIO @ -8 8 50 
MD62 94 BIO @ -8 8 50 
MD61 92 BIO e -8 8 50 
MD60 91 BIO e -8 8 50 
MD59 90 BIO @ -8 8 50 
MD58 89 BIO e -8 8 50 
Nove be 199 -11 


ADVANCE DATA BOOK v1.0 PIN INFORMATION 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


: 








SS" CIRRUS LOGIC 


Table 1-3. Display Memory Interface (cont.) 








































































































Pin Name as Pin Type Pull-up@ lon (MA) loL (MA) Load (pF) 
MD57 88 BIO e -8 8 50 
MD56 87 BIO @ -8 8 50 
MD55 71 BIO e -8 8 50 
MD54 70 BIO e -8 8 50 
MD53 69 BIO @ -8 8 50 
MD52 68 BIO e -8 8 50 
MD51 66 BIO e -8 8 50 
MD50 65 BIO e -8 8 50 
MD49 64 BIO e -8 8 50 
MD48 63 BIO @ -8 8 50 
MD47 83 BIO e -8 8 50 
MD46 82 BIO e -8 8 50 
MD45 81 BIO e -8 8 50 
MD44 80 BIO e -8 8 50 
MD43 78 BIO @ -8 8 50 
MD42 77 BIO e -8 8 50 
MD41 76 BIO e -8 8 50 
MD40 75 BIO e -8 8 50 
MD39 61 BIO @ -8 8 50 
MD38 60 BIO e -8 8 50 
MD37 59 BIO e -8 8 50 
MD36 58 BIO e -8 8 50 
MD35 57 BIO @ -8 8 50 
MD34 56 BIO @ -8 8 50 
MD33 54 BIO e -8 8 50 
MD32 53 BIO e -8 8 50 
MD31 146 BIO @ -8 8 50 
MD30 145 BIO e -8 8 50 
MD29 144 BIO e -8 8 50 
MD28 143 BIO e -8 8 50 
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Table 1-3. Display Memory Interface (cont.) 





































































































Pin Name ged Pin Type Pull-up@ lon (MA) lot (MA) Load (pF) 
MD27 141 BIO e -8 8 50 
MD26 140 BIO @ -8 8 50 
MD25 139 BIO @ -8 8 50 
MD24 138 BIO @ -8 8 50 
MD23 123 BIO @ -8 8 50 
MD22 122 BIO @ -8 8 50 
MD21 120 BIO @ -8 8 50 
MD20 119 BIO @ -8 8 50 
MD19 118 BIO @ -8 8 50 
MD18 117 BIO @ -8 8 50 
MD17 116 BIO @ -8 8 50 
MD16 115 BIO @ -8 8 50 
MD15 134 BIO @ -8 8 50 
MD14 133 BIO @ -8 8 50 
MD13 132 BIO @ -8 8 50 
MD12 131 BIO @ -8 8 50 
MD11 130 BIO @ -8 8 50 
MD10 129 BIO @ -8 8 50 
MD9 127 BIO @ -8 8 50 
MD8 126 BIO @ -8 8 50 
MD7 156 BIO @ -8 8 50 
MD6 155 BIO @ -8 8 50 
MD5 154 BIO @ -8 8 50 
MD4 152 BIO @ -8 8 50 
MD3 151 BIO @ -8 8 50 
MD2 150 BIO e -8 8 50 
MD1 149 BIO @ -8 8 50 
MDO 148 BIO @ -8 8 50 
@ @ indicates the presence of an internal 250-kQ + 50% pull-up resistor. 
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Table 1-4. Monitor Interface 
Pin Name | en om Pull-up2 | Igy (mA) | Io, (mA) | Load (pF) 
umber Type 
VSYNC 172 BIO -12 24 50 
HSYNC 173 BIO -12 24 50 
RED 197 Analog Out 
GREEN 196 Analog Out 
BLUE 195 Analog Out 
IREF 199 Analog 
RSET 194 Analog 
a @ indicates the presence of an internal 250-kQ + 50% pull-up resistor. 
Table 1-5. Pass-Through Connector 
Pin Name | ,, iu Pin | Pull-up2 | Io (mA) | Io, (mA) | Load (pF) | Also Used As: 
umber Type 
BLANK# 170 BIO -12 12 50 BIOSA8 (O), HREF (I) 
P7 168 BIO -12 12 50 BIOSA7 (O), PIXD7 (I) 
P6 167 BIO -12 12 50 BIOSA6 (O), PIXD6 (I) 
P5 166 BIO -12 12 50 BIOSAS5 (O), PIXD5 (I) 
P4 165 BIO -12 12 50 BIOSA4 (O), PIXD4 (I) 
P3 164 BIO -12 12 50 BIOSA3 (O), PIXD3 (I) 
P2 163 BIO -12 12 50 BIOSA2 (O), PIXD2 (I) 
P1 162 BIO -12 12 50 BIOSA1 (O), PIXD1 (I) 
PO 161 BIO -12 12 50 BIOSAO (O), PIXDO (I) 
DCLK 171 BIO -12 12 50 PIXCLK (I) 
EVIDEO# 158 e BIOSA14 (0), VACT (I) 
ESYNC# 159 I e BIOSA13 (OQ) 
EDCLK# 160 e BIOSA12 (O), VREF (I) 
a @ indicates the presence of an internal 250-kQ +50% pull-up resistor. 
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CL-GD5480 ———— 
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64-bit SGRAM GUI Accelerator CIRRUS LOGIC 
Table 1-6. General-Purpose I/O 
PinName |, Pin | Pin | 1 (mA) | Io. (mA) | Load (pF) | Also Used As: 
Number | Type 
GPIOD7 190 BIO Ss 8 50 BIOSD7 (I), OUT1 (0) 
GPIOD6 189 BIO a3 8 50 BIOSD6 (I), OUTO (0), CF7 
GPIODS5 188 BIO 8 8 50 BIOSD5 (I), CF6 
GPIOD4 187 BIO 43 8 50 BIOSD4 (I), GPIOA4 (0), CF5 
GPIOD3 185 BIO 3 8 50 BIOSDS (I), GPIOAS (0), CF4 
GPIOD2 184 BIO =) 8 50 BIOSD2 (I), GPIOA2 (0), CF3 
GPIOD1 183 BIO -3 8 50 BIOSD1 (I), GPIOA1 (O), CF2 
GPIODO 182 BIO 5 8 50 BIOSD0 (0), GPIOAO (0), CF1, INO (1) 
GPIOCS# 181 O 6 8 50 
GPIOAS# 180 O s 8 50 BIOSA11 (O) 
GPIOWR# 179 O 2 8 50 BIOSAQ (0), GPIODS#(O) 
GPIORD# 178 O 3 8 50 BIOSA10 (0), GPIOR/W# (O) 
GPIORDY 177 I GPIODTACK# (I) 
Table 1-7. V-Port™ 
PinName | Pin | Pin | 1 (mA) | Io, (mA) | Load (pF) | Also Used As: 
Number | Type 
HREF 170 BIOSA8 (0), BLANK# (BIO) 
VREF 160 BIOSA12 (O), EDCLK¢# (I) 
VACT 158 BIOSA14 (0), EVIDEO# (I) 
PIXCLK 171 | DCLK (BIO) 
PIXD7 168 | BIOSA7 (O), P7 (BIO) 
PIXD6 167 BIOSA6 (0), P6 (BIO) 
PIXD5 166 BIOSAS (0), P5 (BIO) 
PIXD4 165 BIOSA4 (0), P4 (BIO) 
PIXD3 164 BIOSA3 (0), P3 (BIO) 
PIXD2 163 | BIOSA2 (O), P2 (BIO) 
PIXD1 162 | BIOSA1 (O), P1 (BIO) 
PIXDO 161 BIOSAO (0), PO (BIO) 
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Table 1-8. Miscellaneous Pins 

Pin Name = Pin | lon (mA) | Io, (mA) | Load (pF) | Also Used As: 

Number Type 

OSC 175 | 

XTAL 174 Analog 

lI2CDAT 201 BIO (OC) 12 35 

l2CCLK 202 BIO (OC) 12 35 

MISC 157 O-Z -3 8 Color Key, BLT Busy 
Table 1-9. Power@ and Ground 

VDD2 27 Digital 

VDD3 47 Digital 

VDD4 55 Digital 

VDD5 67 Digital 

VDD6 79 Digital 

VDD7 93 Digital 

VDD8 108 Power Digital 

VDD9 121 Power Digital 

VDD10 135 Power Digital 

VDD11 147 Power Digital 

VDD12 169 Power Digital 

VSS1 11 Ground Digital 

VSS2 22 Ground Digital 

VSS3 32 Ground Digital 

VSS4 40 Ground Digital 

VSS5 52 Ground Digital 

VSS6 62 Ground Digital 

VSS7 72 Ground Digital 

VSS8 86 Ground Digital 
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Table 1-9. Power? and Ground (cont.) 
Number 
VSS10 114 Ground Digital 
VSS11 128 Ground Digital 
VSS12 142 Ground Digital 
VSS13 153 Ground Digital 
vssi14 176 Ground Digital 
VSS15 208 Ground Digital 
DACVDD1 191 DAC Power DAC 
DACVDD2 198 DAC Power DAC 
DACVSS1 186 DAC Ground DAC 
DACVSS2 193 DAC Ground DAC 
CLKVDD 203 Isolated Power Synthesizers 
CLKVSS 200 Isolated Ground Synthesizers 














a Nominal VDD is 3.3 V. 


Table 1-10. Pins with Multiple Uses (Ordered by Pin Number) 
























































eae BIOS ROM escaig V-Port™ GPIO Other sea 
158 | BIOSA14(0) | EVIDEO#(I) | VACT (I) = = V0 
159 | BIOSA13(0) | ESYNC+# (I) = = = V0 
160 | BIOSA12(0) | EDCLK¢# (I) VREF (I) = 2 V0 
161 BIOSAO (0) PO (BIO) PIXDO (I) - Z V0 
162 BIOSA1 (0) P1 (BIO) PIXD1 (I) = is V0 
163 BIOSA2 (0) P2 (BIO) PIXD2 (I) = 2 V0 
164 BIOSAS (0) P3 (BIO) PIXDS (I) 2 - VO 
165 BIOSA4 (0) P4 (BIO) PIXD4 (I) s = V0 
166 BIOSAS (0) P5 (BIO) PIXDS (I) = : V0 
167 BIOSAG (0) P6 (BIO) PIXD6 (I) = = V0 
168 BIOSA7 (0) P7 (BIO) PIXD7 (I) = = V0 
170 BIOSA8 (0) | BLANK# (BIO) | HREF (I) = = V0 
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Table 1-10. Pins with Multiple Uses (Ordered by Pin Number) (cont.) 






























































eee BIOS ROM ee V-Port™ GPIO Other ee 
171 ze DCLK (BIO) | PIXCLK (I) a Z V0 
178 | BIOSA10 (0) = is GPIORD# (0) = O 
179 BIOSAQ (0) z = GPIOWR# (0) 2 O 
180 | BIOSA11 (O) Z = GPIOAS# (0) = O 
181 : - : GPIOCS+# (0) S O 
182 BIOSDO (I) - - GPIODO (BIO) CONFIG1, INO (I) VO 
183 BIOSD1 (I) - - GPIOD1 (BIO) CONFIG2 VO 
184 BIOSD2 (I) - - GPIOD2 (BIO) CONFIG3 VO 
185 BIOSDS3 (I) - - GPIOD3 (BIO) CONFIG4 VO 
187 BIOSD4 (I) - - GPIOD4 (BIO) CONFIG5 VO 
188 BIOSDS (I) - - GPIOD5 (BIO) CONFIG6 VO 
189 BIOSD6 (I) - - GPIOD6 (BIO) CONFIG7, OUTO (O) VO 
190 BIOSD7 (I) - - GPIOD7 (BIO) OUT1 (O) VO 
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2. FUNCTIONAL DESCRIPTION 


2.1 General 


The CL-GD5480 offers a VGA solution that is totally 
compatible with the IBM VGA standard. The 
CL-GD5480 includes a VGA core, 64-bit BitBLT 
engine, video capture and display, and on-board 
frequency synthesizers and palette DAC. A 
complete VGA motherboard solution can be 
implemented by using a single SGRAM with the 


i 








CIRRUS LOGIC 


—oaoEn 


CL-GD5480. Figure 2-1 is a functional block 
diagram of the CL-GD5480. 


2.2 Functional Blocks 


The following sections describe functional blocks 
that are integrated into the CL-GD5480. 


DISPLAY MEMORY (SGRAM) 
1-4 MBYTE 


V-Port™ 
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COLOR SPACE 
CONVERSION 
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14.31818-MHz CRYSTAL 


Figure 2-1. CL-GD5480 Functional Block Diagram 
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2.2.1 PCI Interface 


The CL-GD5480 connects directly to the PCI bus 
with no glue logic. The CL-GD5480 decodes the 
entire 32-bit address so that no address mirroring or 
aliasing occurs. The CL-GD5480 supports single- 
cycle memory burst operations. The CL-GD5480 
can support an additional peripheral device while 
remaining fully compliant with the PCI single-load 
specification. The CL-GD5480 is PCI 2.1-compliant. 


2.2.2 


The CL-GD5480 incorporates bus master logic, 
using a page table in the frame buffer for memory 
management. 


Bus Master Logic 


Currently, the bus master logic is used for the video 
stream engine, allowing data to be transferred from 
the frame buffer to system memory without host 
intervention. The bus master logic can also be used 
for Direct8D Z-buffer initialization. 


2.2.3. CPU FIFOs 


The CL-GD5480 has multi-level 64-bit CPU FIFOs 
that dramatically increase bandwidth across the PCI 
bus by allowing burst operations. The CPU write 
FIFO contains a queue of CPU write accesses to 
display memory or the BitBLT engine that have not 
been executed because frame buffer bandwidth has 
not yet been made available. Maintaining a queue 
allows the CL-GD5480 to generate TRDY# to 
complete the bus cycle as soon as it has recorded 
the address and data, and then to execute the 
operation when display memory cycles are 
available. 


2.2.4 VGA Core 


The CL-GD5480 incorporates VGA core logic to 
provide compatibility with older software (including 
compatibility testing programs). 


The graphics controller is located between the CPU 
interface and the memory sequencer. It performs 
text manipulation, data rotation, color mapping, and 
miscellaneous operations. These operations are 
typically performed in the graphics controller for 
VGA-compatible applications; newer applications 
take advantage of the BitBLT engine. 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


The CRT controller generates all the timing required 
by the monitor including HSYNC, VSYNC, and 
BLANK#. The sync signals have programmable 
polarity and can be forced static for monitor power 
management. The CL-GD5480 BIOS supports all 
standard VGA modes, as well as extended 
resolutions up to 1600 x 1200. The CL-GD5480 
supports hardware video windows for video 
playback. 


The attribute controller formats the display for the 
screen (primarily text modes). Display color 
selection, text blinking, and underlining are 
performed by the attribute controller. Alternate font 
selection also occurs in the attribute controller. 


2.2.5 


The memory arbitrator allocates bandwidth to the 
various functions that compete for the frame buffer 
bandwidth: SGRAM refresh, screen refresh, V-Port 
writes, and CPU, BitBLT, and stream engine access. 


Memory Arbitrator 


SGRAM refresh is handled invisibly by performing a 
selectable number of refresh cycles at the beginning 
of each scanline. Screen refresh, V-Port writes, and 
CPU/BitBLT access are allocated cycles according 
to the FIFO control parameters. Priority is given to 
screen refresh and V-Port writes. 


2.2.6 


The memory sequencer generates timing for display 
memory. The CL-GD5480 is configured to generate 
timing optimized for SGRAMS. The memory clock is 
programmable up to 100 MHz. The control signals 
from the CL-GD5480 to the SGRAM are RAS#, 
CAS#, WE#, DQM[7:0], CS#, and the multiplexed 
address bus. The memory data interface is either 32 
or 64 bits wide. 


Memory Sequencer 


2.2.7 BitBLT Engine 


The CL-GD5480 has a 64-bit BitBLT engine that 
supports color expansion with or without 
transparency for all graphics pixel sizes as well as 
transparency without color expansion for 8- and 16- 
bpp graphics formats (source transparency). 


The control registers for the BitBLT engine are 
memory-mapped and double-buffered. Memory- 
mapping the Control registers allows the fastest 
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possible parameter transfer. Double-buffered 
control registers and the autostart feature provide 
the greatest possible degree of parallelism between 
the host and the BitBLT engine. 


The BitBLT engine on the CL-GD5480 supports X-Y 
addressing to relieve the application or the driver of 
time-consuming calculations of addresses in the 
frame buffer. In addition, it also supports an X-Y 
clipping rectangle. Autonomous execution of a 
command list maximizes CPU-VGA parallel 
operation. 


The BitBLT engine has a dedicated set of memory 
apertures. This allows a system-to-screen BitBLT to 
proceed concurrently with a process requiring frame 
buffer accesses with no interference. 


Each of these features of the BitBLT engine are 
covered in detail in Chapter 9 of the Technical 
Reference Manual. 


2.2.8. Display FIFOs 


The display FIFOs allow data from the frame buffer 
to be fetched before it is actually needed for screen 
refresh. This allows the fetches to be executed as 
synchronous burst read cycles rather than random 
read cycles, greatly increasing the available 
memory bandwidth. The CL-GD5480 has multiple 
display FIFOs, allowing information from two 
independent sources streams to be mixed together 
in the display pipeline on a pixel-by-pixel basis. 
2.2.9 | Window Logic and Occlusion 
Support 


The CL-GD5480 features two programmable 
hardware windows for the simultaneous display of 
graphics and two video streams. The graphics and 
video formats can have different color spaces and 
even pixel sizes. The display of 8-bpp palettized 
graphics with YUV 4:2:2 video is a typical 
application. 


The primary window can be zoomed in the 
horizontal and vertical directions up to 4x. Horizontal 
zooming is always done with interpolation of ‘in- 
between’ pixels. Vertical zooming can be done with 
scanline replication or scanline interpolation. In 
addition to zooming, the primary window can also be 
programmed for shrink. 
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Occlusion support allows the graphics and video 
streams to be mixed on a pixel-by-pixel basis. Color 
key matching of the graphics source or chroma key 
matching of the video source can be used to 
determine which pixels are replaced. Occlusion and 
Y-interpolation is supported for 8-, 16-, and 24-bpp 
graphics. 


2.2.10 V-Port™ 


The CL-GD5480 V-Port writes real-time or recorded 
video from a decoder to the frame buffer, typically for 
display in the video window. Video can be decimated 
vertically, horizontally, and temporally. When video is 
being captured for display in the window, the capture 
and display buffers can be automatically swapped 
as each frame is captured. This prevents the display 
or capture of partial frames with no host intervention. 


The CL-GD5480 has an independent capture FIFO. 
This allows video capture to occur at the same time 
interpolated Y-zooming and occlusion is being used 
for the display window. 


Luminance-only capture is available for Tele Text and 
closed caption with suitable software. Independent 
control of VBI region allows for seamless Intercast 
capture. 


The V-Port hardware interface uses the same pins 
as the VGA pass-through connector. It can be 
configured for either active sense of HREF. 


2.2.11 


The CL-GD5480 incorporates a video stream 
engine that uses the bus master logic to transfer 
data from the frame buffer to the system memory 
with a minimum of host intervention. The stream 
engine uses two sets of buffer pointers and can be 
easily synchronized with the video capture logic. 


Video Stream Engine 


2.2.12 Palette DAC 


The palette DAC block contains the color palette and 
three 8-bit digital-to-analog converters. The color 
palette, with 256 18-bit entries, converts an 8-bit 
color code that specifies the color of a pixel into three 
6-bit values, one each for red, green, and blue. 


Alternatively, the CL-GD5480 can be configured for 
15-, 16-, or 24-bit direct color RGB pixels. This 
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allows 32K, 64K, or 16M simultaneous colors to be 
displayed on the screen. The palette has 
independent read access for the three colors and 
can be used for gamma correction in direct color 
modes. 


The CL-GD5480 also supports YUV 4:2:2, YUV 
4:2:0, and AccuPak formats within the video window. 


The palette DAC supports a Power-Down mode, 
which temporarily turns off clocks to the palette and 
power to the DAC to conserve power. 


2.2.13 Dual-Frequency Synthesizer 


The dual-frequency synthesizer generates the 
memory sequencer and display clocks from a single 
reference frequency. The frequency of each clock is 
independently programmable. The maximum 
memory sequencer clock and display clock are 100 
MHz and 135 MHz, respectively. Clock doubling 
allows pixel frequencies of up to 200 MHz. The 
reference frequency of 14.31818 MHz can be 
generated on-chip using an inexpensive 2-pin 
crystal or it can be supplied from an external TTL 
source. 


2.2.14 VESA®/VGA Pass-Through 
Connector 


The CL-GD5480 can connect directly to a VESA 
connector for output only. The device supports the 
three enable/disable inputs; the Pixel bus can drive 
the connector directly. 


2.2.15 General-Purpose I/O Port 


The CL-GD5480 can support an additional 
peripheral device on its adapter card. Address 
decoding and data buffering allow the additional 
device while maintaining the PCI ‘single-load’ 
specification. 


2.2.16 I2C Interface 


The CL-GD5480 has a built-in, 2-pin interface that 
can be used to control peripheral devices such as 
TV tuners, TV decoders, digital cameras, and 
hardware Teletext decoders. This interface can also 
be used for DDC2B monitor identification. 
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2.3 Performance 


The CL-GD5480 is designed with the following 
performance-enhancing features: 


e 64-bit SGRAM display memory data bus for 
faster access to display memory 

e Memory-mapped, double-buffered BitBLT regis- 
ters with autostart maximizes host/BitBLT over- 
lap 

e Transparent source BitBLT for increased BitBLT 
functionality 

e 100-MHz MCLK provides 800-Mbyte/sec. peak 
frame-buffer bandwidth 


e Burst host bus performance and a CPU write 
buffer that allows faster CPU access for writes to 
display memory 

e Increased throughput with PCI local bus inter- 
face with Burst mode 

e 32-bit CPU interface to display memory for faster 
host access in all modes, including Planar mode 

e 16- or 32-bit CPU interface to I/O registers for 
faster host access 

e Multi-level, 32-bit system memory write cache 

e 32-bit internal data inputs for internal DAC 

e Multiple display FIFOs to minimize memory con- 
tention 

e Video capture filtered decimation to reduce the 
memory bandwidth requirements 


e YUV 4:2:0 reduce CODEC CPU processing, 
increasing host bus and memory bus transfer 
rates 


e 32x 32 and 64 x 64 hardware cursor to improve 
Microsoft® Windows® performance 


2.4 Board Testability 


The CL-GD5480 device is testable, even when 
installed on a printed circuit board. By using Pin- 
Scan testing, any IC signal pin not connected to the 
board or shorted to a neighboring pin or trace, is 
detected (see Appendix B7, “Pin Scan”, in the 
CL-GD5480 Technical Reference Manual). The 
signature generator allows the entire system, 
including the display memory, to be tested at speed 
(see Appendix B6, “Signature Generator”, in the 
CL-GD5480 Technical Reference Manual). The 
CL-GD5480 enhanced signature generator test 
allows the BitBLT engine, the V-Port, as well as the 
frame buffer to be tested. 
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3. CONFIGURATION TABLES 


3.1 Display Modes 
Table 3-1. IBM® Standard VGA Display Modes 
































nese Meee | ek, || tee) eae | eee | aaa ieee | ree 

: : MHz kHz Hz 
0,1 0, 1 16/256K 40 x 25 9x16 360 x 400 Text 14 31.5 70 
2,3 2,3 16/256K 80 x 25 9x 16 720 x 400 Text 28 31.5 70 
4,5 4,5 4/256K 40 x 25 8x8 320 x 200 Graphics 12.5 31.5 70 
6 6 2/256K 80 x 25 8x8 640 x 200 Graphics 25 31.5 70 
7 7 Monochrome 80 x 25 9x 16 720 x 400 Text 28 31.5 70 
D D 16/256K 40 x 25 8x8 320 x 200 Graphics 12.5 31.5 70 
E E 16/256K 80 x 25 8x14 640 x 200 Graphics 25 31.5 70 
F F Monochrome 80 x 25 8x14 640 x 350 Graphics 25 31.5 70 
10 10 16/256K 80x25 | 8x14 640 x 350 Graphics 25 31.5 70 
11 11 2/256K 80 x 30 8x 16 640 x 480 Graphics 25 31.5 60 
12 12 16/256K 80 x 30 8x 16 640 x 480 Graphics 25 31.5 60 
13 13 256/256K 40 x 25 8x8 320 x 200 Graphics 12.5 31.5 70 









































NOTE: The EGA-compatible text modes (using an 8 x 14 font) and graphics modes 10 and F use a 16-dot high font, 
with the bottom two lines truncated, in the absence of TSRFONT (8 x 14 font TSR). This creates some errors 
when displaying characters with descenders, but does not restrict operation of programs using these 
modes. In text modes using the 8 x 14 font, the characters ‘g’, ‘{j’, ‘p’, ‘q’, ‘y’, and ‘y’ are truncated using a 
middle- and bottom-line algorithm to avoid truncation of descenders. For compatibility with some DOS appli- 
cations using the 8 x 14 font, the TSRFONT utility should be used. Applications, such as DOSSHELL in 
Graphics 25 or 34 line display modes, require the TSRFONT utility to be loaded. 
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Table 3-2. Cirrus Logic Extended Display Modes 





























































































































si VESA® Screen No. of ae eat ae MIN Note 
oO. No. Resolution Colors MHz kHz Hz FB4 
5E 100 640 x 400 256P 25 31.5 70 1M - 
5F 101 640 x 480 256P 25 31.5 60 1M - 
5F 101 640 x 480 256P 31.5 37.9 72 1M - 
5F 101 640 x 480 256P 31.5 37.5 75 1M - 
5F 101 640 x 480 256P 36 43.3 85 1M - 
5F 101 640 x 480 256P 43.2 50.9 100 1M GTF 
66 110 640 x 480 32K 25 31.5 60 1M - 
66 110 640 x 480 32K 31.5 37.9 72 1M - 
66 110 640 x 480 32K 31.5 37.5 75 1M — 
66 110 640 x 480 32K 36 43.3 85 1M - 
66 110 640 x 480 32K 43.2 50.9 100 1M GTF 
64 111 640 x 480 64K 25 31.5 60 1M - 
64 111 640 x 480 64K 31.5 37.9 72 1M - 
64 111 640 x 480 64K 31.5 37.5 75 1M - 
64 111 640 x 480 64K 36 43.3 85 1M - 
64 111 640 x 480 64K 43.2 50.9 100 1M GTF 
71 112 640 x 480 16M 25 31.5 60 1M - 
71 112 640 x 480 16M 31.5 37.9 72 1M - 
71 112 640 x 480 16M 31.5 37.5 75 1M - 
71 112 640 x 480 16M 36 43.3 85 1M - 
71 112 640 x 480 16M 43.2 50.9 100 1M GTF 
58, 6A 102 800 x 600 16P 36 35.2 56 1M - 
58, 6A 102 800 x 600 16P 40 37.8 60 1M - 
58, 6A 102 800 x 600 16P 50 48.1 72 1M - 
58, 6A 102 800 x 600 16P 49.5 46.9 75 1M — 
5C 103 800 x 600 256P 36 35.2 56 1M - 
5C 103 800 x 600 256P 40 37.9 60 1M - 
5C 103 800 x 600 256P 50 48.1 72 1M - 
5C 103 800 x 600 256P 49.5 46.9 75 1M — 
5C 103 800 x 600 256P 56.25 53.7 85 1M - 
5C 103 800 x 600 256P 68.2 63.6 100 1M GTF 
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Table 3-2. Cirrus Logic Extended Display Modes (cont.) 
































































































































sti VESA® Screen No. of a ee a MIN Note 

oO. No. Resolution Colors MHz kHz Hz FB4 
67 113 800 x 600 32K 36 35.2 56 1M — 
67 113 800 x 600 32K 40 37.8 60 1M - 
67 113 800 x 600 32K 50 48.1 72 1M - 
67 113 800 x 600 32K 49.5 46.9 75 1M - 
67 113 800 x 600 32K 56.25 53.7 85 1M - 
67 113 800 x 600 32K 68.2 63.6 100 1M GTF 
65 114 800 x 600 64K 36 35.2 56 1M - 
65 114 800 x 600 64K 40 37.8 60 1M - 
65 114 800 x 600 64K 50 48.1 72 1M - 
65 114 800 x 600 64K 49.5 46.9 75 1M - 
65 114 800 x 600 64K 56.25 53.7 85 1M - 
65 114 800 x 600 64K 68.2 63.6 100 1M GTF 
78 115 800 x 600 16M 36 35.2 56 2M — 
78 115 800 x 600 16M 40 37.8 60 2M — 
78 115 800 x 600 16M 50 48.1 72 2M - 
78 115 800 x 600 16M 49.5 46.9 75 2M - 
78 115 800 x 600 16M 56.25 53.7 85 2M — 
78 115 800 x 600 16M 68.2 63.6 100 2M GTF 
5bDt 104 1024 x 768 16P 44.9 35.5 43it 1M - 
5D 104 1024 x 768 16P 65 48.3 60 1M - 
5D 104 1024 x 768 16P 75 56 70 1M - 
5D 104 1024 x 768 16P 78.7 60 75 1M - 
60t 105 1024 x 768 256P 44.9 35.5 43it 1M - 
60 105 1024 x 768 256P 65 48.3 60 1M - 
60 105 1024 x 768 256P 75 56 70 1M - 
60 105 1024 x 768 256P 78.7 60 75 1M - 
60 105 1024 x 768 256P 94.5 68.3 85 1M - 
60 105 1024 x 768 256P 113.3 81.4 100 1M GTF 
68st 116 1024 x 768 32K 44.9 35.5 43it 2M - 
68 116 1024 x 768 32K 65 48.3 60 2M - 
68 116 1024 x 768 32K 75 56 70 2M - 
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Table 3-2. Cirrus Logic Extended Display Modes (cont.) 
































































































































Mode | vesae | sowen | Maot | Fro | Frog | Foo. | MN | not 
. . MHz kHz Hz 
68 116 1024 x 768 32K 78.7 60 75 2M - 
68 116 1024 x 768 32K 94.5 68.3 85 2M - 
68 116 1024 x 768 32K 113.3 81.4 100 2M GTF 
74 117 1024 x 768 64K 44.9 35.5 43it 2M - 
74 117 1024 x 768 64K 65 48.3 60 2M - 
74 117 1024 x 768 64K 75 56 70 2M - 
74 117 1024 x 768 64K 78.7 60 75 2M - 
74 117 1024 x 768 64K 94.5 68.3 85 2M - 
74 117 1024 x 768 64K 113.3 81.4 100 2M GTF 
79 118 1024 x 768 16M 44.9 35.5 43it 4M - 
79 118 1024 x 768 16M 65 48.3 60 4M - 
79 118 1024 x 768 16M 75 56 70 4M - 
79 118 1024 x 768 16M 78.7 60 75 4M - 
79 118 1024 x 768 16M 94.5 68.3 85 4M - 
79 118 1024 x 768 16M 113.3 81.4 100 4M GTF 
7C - 1152 x 864 256P 94.5 63.9 70 1M - 
7C = 1152 x 864 256P 108 67.5 75 1M - 
7C = 1152 x 864 256P 121.5 76.7 85 1M - 
7C i 1152 x 864 256P 143.5 91.5 100 1M GTF 
6E - 1152 x 864 32K 94.5 63.9 70 2M - 
6E - 1152 x 864 32K 108 67.5 75 2M - 
6E - 1152 x 864 32K 121.5 76.7 85 2M - 
6E - 1152 x 864 32K 143.5 91.5 100 2M GTF 
7D - 1152 x 864 64K 94.5 63.9 70 2M - 
7D - 1152 x 864 64K 108 67.5 75 2M - 
7D - 1152 x 864 64K 121.5 76.7 85 2M - 
7D - 1152 x 864 64K 143.5 91.5 100 2M GTF 
7E - 1152 x 864 16M 94.5 63.9 70 4M - 
7E - 1152 x 864 16M 108 67.5 75 4M - 
7E - 1152 x 864 16M 121.5 76.7 85 4M - 
6Ct 106 1280 x 1024 16P 75 48 43it 1M - 
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Table 3-2. Cirrus Logic Extended Display Modes (cont.) 


































































































ese | RO |) eran | NSE | seg | regs [tea | eat |) sit 
. . MHz kHz Hz 
6Dt 107 1280 x 1024 256P 75 48 43it 2M - 
6D 107 1280 x 1024 256P 108 65 60 2M - 
6D 107 1280 x 1024 256P 135 80 75 2M - 
6D 107 1280 x 1024 256P 157.5 91 85 2M - 
69t 119 1280 x 1024 32K 75 48 43it 4M - 
69 119 1280 x 1024 32K 108 65 60 4M - 
69 119 1280 x 1024 32K 135 80 75 4M - 
69 119 1280 x 1024 32K 157.5 91 85 4M - 
75 11A 1280 x 1024 64K 75 48 43it 4M - 
75 11A 1280 x 1024 64K 108 63.9 60 4M = 
75 11A 1280 x 1024 64K 135 80 75 4M - 
75 11A 1280 x 1024 64K 157.5 91 85 4M - 
77 11B 1280 x 1024 16M 75 48 43) 4M - 
77 11B 1280 x 1024 16M 108 63.9 60 4M = 
7B - 1600 x 1200 256P 135 62.5 48i 2M - 
7B - 1600 x 1200 256P 162 75 60 2M - 
6F - 1600 x 1200 32K 135 62.5 48) 4M - 
6F - 1600 x 1200 32K 162 75 60 4M - 
7F - 1600 x 1200 64K 135 62.5 48! 4M - 
7F - 1600 x 1200 64K 162 75 60 4M - 
NOTES: 


1) ‘ft character indicates Interlaced mode. 


2) Some modes are not supported by all monitors. The fastest vertical refresh rate for the monitor type selected is 
automatically used. 


3) GIF indicates the pixel frequency and horizontal frequency were calculated with the VESA Generalized Timing 
Formula proposal, v1 Rev. 0.5. 


4) ‘FB’ indicates frame buffer. 
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Table 4-1. VGA Register Port Map 
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Address Port 
3B4 CRT Controller Index (R/W — monochrome) 
3B5 CRT Controller Data (R/W — monochrome) 
3BA Feature Control (W), Input Status Register 1 (R — monochrome) 
300 Attribute Controller Index/Data (Write) 
3C1 Attribute Controller Index/Data (Read) 
3C2 Miscellaneous Output (W), Input Status Register 0 (R) 
3C4 Sequencer Index (R/W) 
3C5 Sequencer Data (R/W) 
3C6 Video DAC Pixel Mask (R/W), Hidden DAC Register (R/W) 
3C7 Pixel Address Read Mode (W), DAC State (R) 
3C8 Pixel Mask Write Mode (R/W) 
309 Pixel Data (R/W) 
3CA Feature Control Readback (R) 
3CC Miscellaneous Output Readback (R) 
3CE Graphics Controller Index (R/W) 
3CF Graphics Controller Data (R/W) 
3D4 CRT Controller Index (R/W — color) 
3D5 CRT Controller Data (R/W — color) 
3DA Feature Control (W), Input Status Register 1 (R — color) 
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5. REGISTER MAP 


All CL-GD5480 registers are listed in Table 5-1. Page numbers in the Page column refer to the register 
description chapters in the CL-GD5480 Technical Reference Manual. Registers at I/O port 3Dxh are at 
3Bxh when the CL-GD5480 is programmed for Monochrome mode (MISC[O)). 


Table 5-1. CL-GD5480 Registers 
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Abbreviation | Register Name /O Port | Index | MMI/O | Page 
ARX Attribute Controller Index 3C0/3C1h - OOh/O1h | 4-69 
ARO-ARF Attribute Controller Palette 3C0/3C1h | Oh-OFh | OOh/O1h | 4-70 
AR10 Attribute Controller Mode 3C0/3C1h 10h OOh/O1h | 4-71 

AR11 Overscan (Border) Color 3C0/3C1h 11h OOh/O1h | 4-73 
AR12 Color Plane Enable 3C0/3C1h 12h OOh/O1h | 4-74 
AR13 Pixel Panning 3C0/3C1h 13h OOh/O1h | 4-75 
AR14 Color Select 3C0/3C1h 14h OOh/O1h | 4-76 
CRX CRTC Index 3D4h - 14h 4-23 
CRO CRTC Horizontal Total 3D5h 00h 15h 4-26 
CR1 CRTC Horizontal Display End 3D5h Oth 15h 4-27 
CR2 CRTC Horizontal Blanking Start 3D5h 02h 15h 4-28 
CR3 CRTC Horizontal Blanking End 3D5h 03h 15h 4-29 
CR4 CRTC Horizontal Sync Start 3D5h 04h 15h 4-31 

CR5 CRTC Horizontal Syne End 3D5h 05h 15h 4-32 
CR6 CRTC Vertical Total 3D5h 06h 15h 4-34 
CR7 CRTC Overflow 3D5h 07h 15h 4-35 
CR8 CRTC Screen A Preset Row-Scan 3D5h 08h 15h 4-36 
CR9 CRTC Character Cell Height 3D5h 09h 15h 4-37 
CRA CRTC Text Cursor Start 3D5h OAh 15h 4-38 
CRB CRTC Text Cursor End 3D5h OBh 15h 4-39 
CRC CRTC Screen Start Address High 3D5h O0Ch 15h 4-40 
CRD CRTC Screen Start Address Low 3D5h ODh 15h 4-41 

CRE CRTC Text Cursor Location High 3D5h OEh 15h 4-42 
CRF CRTC Text Cursor Location Low 3D5h OFh 15h 4-43 
CR10 CRTC Vertical Sync Start 3D5h 10h 15h 4-44 
CR11 CRTC Vertical Sync End 3D5h 1th 15h 4-45 
CR12 CRTC Vertical Display End 3D5h 12h 15h 4-47 
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Table 5-1. CL-GD5480 Registers (cont.) 































































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
CR13 CRTC Offset (Pitch) 3D5h 13h 15h 4-48 
CR14 CRTC Underline Row Scanline 3D5h 14h 15h 4-49 
CR15 CRTC Vertical Blank Start 3D5h 15h 15h 4-50 
CR16 CRTC Vertical Blank End 3D5h 16h 15h 4-51 

CR17 CRTC Mode Control 3D5h 17h 15h 4-52 
CR18 CRTC Line Compare 3D5h 18h 15h 4-54 
CR19 Interlace End 3D5h 19h 15h 8-41 

CRIA Miscellaneous Control 3D5h 1Ah 15h 8-42 
CR1B Extended Display Controls 3D5h 1Bh 15h 8-43 
CRIC Sync Adjust and Genlock 3D5h 1Ch 15h 8-45 
CR1D Overlay Extended Control 3D5h 1Dh 15h 8-47 
CRIE Bus Master Page Table Start Address Byte 1 3D5h 1Eh 15h 8-48 
CRIF Bus Master Page Table Start Address Byte 2 3D5h 1Dh 15h 8-48 
CR22 Graphics Data Latches Readback 3D5h 22h 15h 4-55 
CR24 Attribute Controller Toggle Readback (read only) 3D5h 24h 15h 4-56 
CR25 Part Status (read only) 3D5h 25h 15h 8-49 
CR26 Attribute Controller Index Readback 3D5h 26h 15h 4-57 
CR27 ID (read only) 3D5h 27h 15h 8-50 
CR31 Window 1 Horizontal Zoom Control 3D5h 31h 15h 6-5 

CR32 Window 1 Vertical Zoom Control 3D5h 32h 15h 6-6 

CR33 Window 1 Horizontal Region 1 Size 3D5h 33h 15h 6-7 

CR34 Window 1 Region 2 Width 3D5h 34h 15h 6-8 

CR35 Window 1 Region 2 Source Data Size 3D5h 35h 15h 6-9 

CR36 Window 1 Horizontal Overflow 3D5h 36h 15h 6-10 
CR37 Window 1 Vertical Start 3D5h 37h 15h 6-11 

CR38 Window 1 Vertical End 3D5h 38h 15h 6-12 
CR39 Window 1 Vertical Overflow 3D5h 39h 15h 6-13 
CR3A Window 1 Source Address Byte 0 3D5h 3Ah 15h 6-15 
CR3B Window 1 Source Address Byte 1 3D5h 3Bh 15h 6-15 
CR3C Window 1 Source Address Byte 2 3D5h 3Ch 15h 6-16 
CR3D Video Buffer Address Offset 3D5h 3Dh 15h 6-17 
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Table 5-1. CL-GD5480 Registers (cont.) 































































































Abbreviation | Register Name VO Port | Index | MMI/O | Page 
CR3E Window 1 Master Control 3D5h 3Eh 15h 6-18 
CR3F Miscellaneous Video Control 3D5h 3Fh 15h 6-20 
CR40 Window 2 Pixel Alignment 3D5h 40h 15h 6-22 
CR43 Window 2 Horizontal Region 1 Size 3D5h 43h 15h 6-23 
CR44 Window 2 Region 2 Width 3D5h 44h 15h 6-24 
CR45 Window 2 Region 2 Source Data Size 3D5h 45h 15h 6-25 
CR46 Window 2 Horizontal Overflow 3D5h 46h 15h 6-26 
CR47 Window 2 Vertical Start 3D5h 47h 15h 6-27 
CR48 Window 2 Vertical End 3D5h 48h 15h 6-28 
CR49 Window 2 Vertical Overflow 3D5h 49h 15h 6-29 
CR4A Window 2 Start Address Byte 0 3D5h 4Ah 15h 6-30 
CR4B Window 2 Start Address Byte 1 3D5h 4Bh 15h 6-30 
CR4C Window 2 Start Address Byte 2 3D5h 4Ch 15h 6-31 

CR4D Window 2 Buffer Address Offset 3D5h 4Dh 15h 6-32 
CR4E Window 2 Control 3D5h 4Eh 15h 6-33 
CR4F Window 2 Miscellaneous Control 3D5h 4Fh 15h 6-34 
CR50 Video Capture Control 3D5h 50h 15h 6-35 
CR51 Video Capture Data Format 3D5h 51h 15h 6-37 
CR52 Video Capture Buffers 1 and 2 Horizontal Shrink 3D5h 52h 15h 6-38 
CR53 Video Capture Buffers 1 and 2 Vertical Shrink 3D5h 53h 15h 6-39 
CR54 Video Capture Horizontal Delay 3D5h 54h 15h 6-40 
CR55 Video Capture Horizontal Width 3D5h 55h 15h 6-41 

CR56 Video Capture Vertical Delay 3D5h 56h 15h 6-42 
CR57 Video Capture Maximum Height 3D5h 57h 15h 6-43 
CR58 Video Capture Miscellaneous Control 3D5h 58h 15h 6-44 
CR59 Video Capture Buffer 1 Start Address Byte 0 3D5h 59h 15h 6-45 
CR5A Video Capture Buffer 1 Start Address Byte 1 3D5h 5Ah 15h 6-45 
CR5B Video Window Brightness Adjust 3D5h 5Bh 15h 6-46 
CR5C Luminance-Only Capture Control 3D5h 5Ch 15h 6-47 
CR5D Window 1 Pixel Alignment 3D5h 5Dh 15h 6-48 
CR5E Double-Buffer Control 3D5h 5Eh 15h 6-49 
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Table 5-1. CL-GD5480 Registers (cont.) 




























































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
CR5F Video Capture Clipping Overflow 3D5h 5Fh 15h 6-51 

CR60 Window 1 Source 2 Start Address Byte 0 3D5h 60h 15h 6-52 
CR61 Window 1 Source 2 Start Address Byte 1 3D5h 61h 15h 6-52 
CR62 Interrupt Source and Status 3D5h 62h 15h 6-53 
CR63 Miscellaneous Video Memory Aperture Controls 3D5h 63h 15h 6-55 
CR64 Video Capture Buffer 2 Address Byte 0 3D5h 64h 15h 6-56 
CR65 Video Capture Buffer 2 Address Byte 1 3D5h 65h 15h 6-56 
CR66 Video Capture Buffer 2 Address Byte 2 3D5h 66h 15h 6-57 
CR67 oo Buffers 1 and 2 Address Offset 3D5h 67h 15h 6-58 
CR68 Video Capture Buffer 3 Address Byte 0 3D5h 68h 15h 6-59 
CR69 Video Capture Buffer 3 Address Byte 1 3D5h 69h 15h 6-59 
CR6A Video Capture Buffer 3 Address Byte 2 3D5h 6Ah 15h 6-60 
CR6B Video Capture Buffer 3 Address Offset 3D5h 6Bh 15h 6-61 

CR6C Video Capture Buffer 3 Horizontal Shrink 3D5h 6Ch 15h 6-62 
CR6D Video Capture Buffer 3 Vertical Shrink 3D5h 6Dh 15h 6-63 
CR6E Capture Line Readback 3D5h 6Eh 15h 6-64 
CR6F Video Capture Buffers Extended Controls 3D5h 6Fh 15h 6-65 
CR70 Stream Engine Buffer 1 Page Table Offset 3D5h 70h 15h 6-67 
CR71 Stream Engine Buffer 1 Target Address Byte 0 3D5h 71h 15h 6-68 
CR72 Stream Engine Buffer 1 Source Address Byte 0 3D5h 72h 15h 6-69 
CR73 Stream Engine Buffer 1 Source Address Byte 1 3D5h 73h 15h 6-69 
CR74 Stream Engine Buffer 2 Page Table Offset 3D5h 74h 15h 6-70 
CR75 Stream Engine Buffer 2 Target Address Byte 0 3D5h 75h 15h 6-71 

CR76 Stream Engine Buffer 2 Source Address Byte 0 3D5h 76h 15h 6-72 
CR77 Stream Engine Buffer 2 Source Address Byte 1 3D5h 77h 15h 6-72 
CR78 Stream Engine Buffer 1 Extension Bits 3D5h 78h 15h 6-73 
CR79 Stream Engine Buffer 2 Extension Bits 3D5h 79h 15h 6-74 
CR7A Stream Engine Source Buffer Offset 3D5h 7Ah 15h 6-75 
CR7B Stream Engine Destination Buffer Offset 3D5h 7Bh 15h 6-76 
CR7C Stream Engine Target Buffer Width 3D5h 7Ch 15h 6-77 

2222 EE——————————————— ees =November 1996 


REGISTER MAP ADVANCE DATA BOOK v1.0 


CL-GD5480 
64-bit SGRAM GUI Accelerator 


i 





=" CIRRUS LOGIC 


Table 5-1. CL-GD5480 Registers (cont.) 

























































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
CR7D Stream Engine Target Buffer Height 3D5h 7Dh 15h 6-78 
CR7E Stream Engine Vertical Scaling 3D5h 7Eh 15h 6-79 
CR7F Stream Engine Controls 3D5h 7Fh 15h 6-80 
FC Feature Control (W) 3DAh - 1Ah 4-7 
FC Feature Control (R) 3CAh - 1Ah 4-7 
FEAT Input Status Register 0 3C2h - 02h 4-8 
GRX Graphics Controller Index (read only) 3CEh = OEh 4-58 
GRO ona Set/Reset / Background 3CFh 00h 400h 4-59 
GR1 ia Set/Reset Enable / Foreground 3CFh Oth 4104h 4-60 
GR2 Graphics Controller Color Compare 3CFh 02h OFh 4-61 
GR3 Graphics Controller Data Rotate 3CFh 03h OFh 4-62 
GR4 Graphics Controller Read Map Select 3CFh 04h OFh 4-63 
GR5 Graphics Controller Mode 3CFh 05h OFh 4-64 
GR6 Graphics Controller Miscellaneous 3CFh 06h OFh 4-66 
GR7 Graphics Controller Color Don’t Care 3CFh 07h OFh 4-67 
GR8 Graphics Controller Bit Mask 3CFh 08h OFh 4-68 
GR9Q Offset Register 0 3CFh 09h OFh 8-24 
GRA Offset Register 1 3CFh OAh OFh 8-26 
GRB Graphics Controller Mode Extensions 3CFh OBh OFh 8-27 
GRC Color/Chroma Key Compare 3CFh OCh OFh 8-29 
GRD Color Key / Mask/ Chroma Key 3CFh ODh OFh 8-30 
GRE Power Management 3CFh OEh OFh 8-31 
GR10 Background Color Byte 1 3CFh 10h 101h 5-4 
GR11 Foreground Color Byte 1 3CFh 1ih 105h 5-4 
GR12 Background Color Byte 2 3CFh 12h 102h 5-4 
GR13 Foreground Color Byte 2 3CFh 13h 106h 5-4 
GR14 Background Color Byte 3 3CFh 14h 103h 5-4 
GR15 Foreground Color Byte 3 3CFh 15h 107h 5-4 
GR16 Active Display Line Readback Byte 0 3CFh 16h OFh 8-33 
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Table 5-1. CL-GD5480 Registers (cont.) 































































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
GR17 Active Display Line Readback Byte 1 3CFh 17h OFh 8-34 
GR18 Memory Option 3CFh 18h OFh 8-36 
GR19 GPIO Port Configuration 3CFh 19h OFh 8-38 
GR1A Scratch Pad 4 3CFh 1Ah OFh 8-39 
GR1B Scratch Pad 5 3CFh 1Bh OFh 8-39 
GR1C Chroma Key Byte 0 3CFh 1Ch OFh 6-82 
GR1D Chroma Key Byte 1 3CFh 1Dh OFh 6-82 
GR1E Chroma Key Byte 2 3CFh 1Eh OFh 6-82 
GR1F Chroma Key Byte 3 3CFh 1Fh OFh 6-82 
GR20 BLT Width Byte 0 3CFh 20h 108h 5-5 
GR21 BLT Width Byte 1 3CFh 21h 109h 5-5 
GR22 BLT Height Byte 0 3CFh 22h 10Ah 5-6 
GR23 BLT Height Byte 1 3CFh 23h 10Bh 5-6 
GR24 BLT Destination Pitch Byte 0 3CFh 24h 10Ch 5-7 
GR25 BLT Destination Pitch Byte 1 3CFh 25h 10Dh 5-7 
GR26 BLT Source Pitch Byte 0 3CFh 26h 10Eh 5-8 
GR27 BLT Source Pitch Byte 1 3CFh 27h 10Fh 5-8 
GR28 BLT Destination Start Byte 0 3CFh 28h 110h 5-9 
GR29 BLT Destination Start Byte 1 3CFh 29h 111h 5-9 
GR2A BLT Destination Start Byte 2 3CFh 2Ah 112h 5-9 
GR2B BLT Command List Offset 3CFh 2Bh 113h 5-10 
GR2C BLT Source Start Byte 0 3CFh 2Ch 114h 5-11 
GR2D BLT Source Start Byte 1 3CFh 2Dh 115h 5-11 
GR2E BLT Source Start Byte 2 3CFh 2Eh 116h 5-11 
GR2F BLT Destination Left-side Clipping 3CFh 2Fh 117h B12 
GR30 BLT Mode 3CFh 30h 118h 5-13 
GR31 BLT Start/Status 3CFh 31h 140h 5-16 
GR32 BLT ROP (Raster Operation) 3CFh 32h 11Ah 5-18 
GR33 BLT Mode Extensions 3CFh 33h 11Bh 5-20 
GR34 Transparent BLT Key Color Byte 0 3CFh 34h 11Ch 5-22 
GR35 Transparent BLT Key Color Byte 1 3CFh 35h 11Dh 5-22 
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Table 5-1. CL-GD5480 Registers (cont.) 































































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
GR38 Stream Engine Fill Value Byte 0 3CFh 38h 120h 6-83 
GR39 Stream Engine Fill Value Byte 1 3CFh 39h 121h 6-83 
GR3A Stream Engine Fill Value Byte 2 3CFh 3Ah 122h 6-83 
GR3B Stream Engine Fill Value Byte 3 3CFh 3Bh 123h 6-83 
GR40 BLT Destination X-Position Byte 0 3CFh 40h 128h 5-23 
GR41 BLT Destination X-Position Byte 1 3CFh 4th 129h 5-23 
GR42 BLT Destination Y-Position Byte 0 3CFh 42h 12Ah 5-24 
GR43 BLT Destination Y-Position Byte 1 3CFh 43h 12Bh 5-24 
GR44 BLT Source X-Position Byte 0 3CFh 44h 12Ch 5-25 
GR45 BLT Source X-Position Byte 1 3CFh 45h 12Dh 5-25 
GR46 BLT Source Y-Position Byte 0 3CFh 46h 12Eh 5-26 
GR47 BLT Source Y-Position Byte 1 3CFh 47h 12Fh 5-26 
GR48 BLT Clip Rectangle X-Start Byte 0 3CFh 48h 130h 5-27 
GR49 BLT Clip Rectangle X-Start Byte 1 3CFh 49h 131h 5-27 
GR4A BLT Clip Rectangle Y-Start Byte 0 3CFh 4Ah 132h 5-28 
GR4B BLT Clip Rectangle Y-Start Byte 1 3CFh 4Bh 133h 5-28 
GR4C BLT Clip Rectangle X-End Byte 0 3CFh 4Ch 134h 5-29 
GR4D BLT Clip Rectangle X-End Byte 1 3CFh 4Dh 135h 5-29 
GR4E BLT Clip Rectangle Y-End Byte 0 3CFh 4Eh 136h 5-30 
GR4F BLT Clip Rectangle Y-End Byte 1 3C4h 4Fh 137h 5-30 
GD7D Hidden Graphics Extension 7D 3CDh 7Dh = 8-40 
GR7E Hidden Graphics Extension 7E 3CEh 7Eh = 8-40 
GR7F Hidden Graphics Extension 7F 3CFh 7Fh = 8-40 
HDR Hidden DAC Register 3C6h - 06h 8-51 

MISC Miscellaneous Output (W) 3C2h - 02h 4-5 

MISC Miscellaneous Output (R) 3CCh - OCh 4-5 

PCIOO PCI Device/Vendor ID 00h 7 i 3 

PCI04 PCI Status/Command 04h - - 7-4 

PCI08 PCI Class Code 08h = - 7-6 

PCIOC PCI Latency Timer OCh - - 7-7 

PCI10 PCI Display Memory Base Address 10h - - 7-8 
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Table 5-1. CL-GD5480 Registers (cont.) 































































































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
PCI14 PCI VGA I/O and BitBLT Control Base Address 14h = = 7-9 
PCI18 PCI GPIO Base Address 18h - - 7-10 
PCI2C PCI Subsystem/Vendor ID 2Ch - - 7-11 
PCI30 PCI Expansion ROM Base Address 30h - - 7-13 
PCI3C PCI Interrupt 3Ch - - 7-14 
SRX Sequencer Index 3C4h - 04h 4-15 
SRO Sequencer Reset 3C5h 00h 05h 4-16 
SR1 Sequencer Clocking Mode 3C5h Oth 05h 4-17 
SR2 Sequencer Plane Mask 3C5h 02h 05h 4-19 
SR3 Sequencer Character Map Select 3C5h 03h 05h 4-20 
SR4 Sequencer Memory Mode 3C5h 04h 05h 4-22 
SR6 Key 3C5h 06h 05h 8-4 
SR7 Extended Sequencer Mode 3C5h O7h 05h 8-5 
SR8 l2C Controls 3C5h 08h 05h 8-7 
SRQ Scratch Pad 0 3C5h 09h 05h 8-8 
SRA Scratch Pad 1 3C5h OAh 05h 8-8 
SRB VCLKO Numerator 3C5h OBh 05h 8-9 
SRC VCLK1 Numerator 3C5h 0Ch 05h 8-9 
SRD VCLK2 Numerator 3C5h ODh 05h 8-9 
SRE VCLK3 Numerator 3C5h OEh 05h 8-9 
SRF SGRAM Control 3C5h OFh 05h 8-10 
SR10 Graphics Cursor X Position 3C5h 10h 05h 8-11 
SR11 Graphics Cursor Y Position 3C5h 11h 05h 8-12 
SR12 Graphics Cursor Attribute 3C5h 12h 05h 8-13 
SR13 Graphics Cursor Pattern Address Offset 3C5h 13h 05h 8-15 
SR14 Scratch Pad 2 3C5h 14h 05h 8-16 
SR15 Scratch Pad 3 3C5h 15h 05h 8-16 
SR16 Display FIFO Threshold Control 3C5h 16h 05h 8-17 
SR17 Miscellaneous System Interface Control 3C5h 17h 05h 8-18 
SR18 Signature Generator Control 3C5h 18h 05h 8-19 
SR19 Signature Generator Result Low-Byte 3C5h 19h 05h 8-20 
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Table 5-1. CL-GD5480 Registers (cont.) 





















































Abbreviation | Register Name /O Port | Index | MMI/O | Page 
SR1A Signature Generator Result High-Byte 3C5h 1Ah 05h 8-21 

SR1B VCLKO Denominator and Post-Scalar 3C5h 1Bh 05h 8-22 
SR1C VCLK1 Denominator and Post-Scalar 3C5h 1Ch 05h 8-22 
SR1D VCLK2 Denominator and Post-Scalar 3C5h 1Dh 05h 8-22 
SR1E VCLK3 Denominator and Post-Scalar 3C5h 1Eh 05h 8-22 
SRIF SMCLK Select 3C5h 1Fh 05h 8-23 
STAT Input Status Register 1 3DAh - 1Ah 4-9 

- Pixel Mask 3C6h - 06h 4-10 
- Palette Address (Read mode) (write only) 3C7h - 07h 4-11 

- DAC State (read only) 3C7h - 07h 4-12 
- Palette Address (Write mode) 3C8h - 08h 4-13 
= Palette Data 3C9h - 09h 4-14 

Novem be 199 -37 
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6. PACKAGE SPECIFICATIONS 


30.35 (1.195) 
30.85 (1.215) 










27.90 (1.098) 
28.10 (1.106) 


(1.098) 
28.10 (1.106) 


ee CL-GD5480 a 











(1.004) 
208-Pin PQFP/HQFP REF 
0.50 
(0.0197) 
c 
I & Pin 1 Indicator 
7 
pee 
Pin 1 
ee 
3.17 (0.125 
>| |<— 0.490.016) 357 (otaay —) 1:30 (0.051) REF 








NOTES: 

1) Dimensions are in millimeters (inches), and controlling dimension is millimeter. 

2) Drawing above does not reflect exact package pin count. 

3) Before beginning any new design with this device, please contact Cirrus Logic for the latest package information. 
4) HQFP is a high-performance QFP with an exposed or unexposed heat sink. 
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7. ORDERING INFORMATION EXAMPLE 


CL — GD5480 —QC -A 


Cirrus Logic Inc. A | | = seedsians 
Graphics, Display Temperature Range: 
C = Commercial 
Part Number 


Package Type: 
Q = Plastic Quad Flat Pack 
H = High-Performance Quad Flat Pack 


¥ Contact Cirrus Logic. for up-to-date information on revisions. 
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4. VGA CORE REGISTERS 


The VGA core registers are summarized in Table 4-1. These are registers defined in the IBM VGA. 


Table 4-1. VGA Core Registers Quick Reference 




































































Abbreviation | Register Name /O Port Index MMI/O | Page 
MISC Miscellaneous Output (write only) 3C2h - 02h 4-5 
Miscellaneous Output (read only) 3CCh - O0Ch 4-5 
FC Feature Control (write only) 3DAh - 1Ah 4-7 
Feature Control (read only) 3CAh - OAh 4-7 
FEAT Input Status Register 0 3C2h - 02h 4-8 
STAT Input Status Register 1 3DAh - 1Ah 4-9 
- Pixel Mask 3C6h - 06h 4-10 
- Palette Address (Read mode) (write only) 3C7h - 07h 4-11 
- DAC State (read only) 3C7h - 07h 4-12 
- Palette Address (Write mode) 3C8h - 08h 4-13 
= Palette Data 3C9h - 09h 4-14 
SRX Sequencer Index 3C4h - 04h 4-15 
SRO Sequencer Reset 3C5h 00h 05h 4-16 
SR1 Sequencer Clocking Mode 3C5h Oth 05h 4-17 
SR2 Sequencer Plane Mask 3C5h 02h 05h 4-19 
SR3 Sequencer Character Map Select 3C5h 03h 05h 4-20 
SR4 Sequencer Memory Mode 3C5h 04h 05h 4-22 
CRX CRTC Index 3D4ha - 14h 4-23 
CRO CRTC Horizontal Total 3D5h 00h 15h 4-26 
CR1 CRTC Horizontal Display End 3D5h Oth 15h 4-27 
CR2 CRTC Horizontal Blanking Start 3D5h 02h 15h 4-28 
CR3 CRTC Horizontal Blanking End 3D5h 03h 15h 4-29 
CR4 CRTC Horizontal Sync Start 3D5h 04h 15h 4-31 
CR5 CRTC Horizontal Sync End 3D5h 05h 15h 4-32 
CR6 CRTC Vertical Total 3D5h 06h 15h 4-34 
CR7 CRTC Overflow 3D5h 07h 15h 4-35 
CR8 CRTC Screen A Preset Row-Scan 3D5h 08h 15h 4-36 
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Table 4-1. VGA Core Registers Quick Reference (cont.) 







































































Abbreviation | Register Name I/O Port Index | MMI/O | Page 
CR9 CRTC Character Cell Height 3D5h 09h 15h 4-37 
CRA CRTC Text Cursor Start 3D5h OAh 15h 4-38 
CRB CRTC Text Cursor End 3D5h OBh 15h 4-39 
CRC CRTC Screen Start Address High 3D5h OCh 15h 4-40 
CRD CRTC Screen Start Address Low 3D5h ODh 15h 4-41 
CRE CRTC Text Cursor Location High 3D5h OEh 15h 4-42 
CRF CRTC Text Cursor Location Low 3D5h OFh 15h 4-43 
CR10 CRTC Vertical Sync Start 3D5h 10h 15h 4-44 
CR11 CRTC Vertical Sync End 3D5h 11h 15h 4-45 
CR12 CRTC Vertical Display End 3D5h 12h 15h 4-47 
CR13 CRTC Offset (Pitch) 3D5h 13h 15h 4-48 
CR14 CRTC Underline Row Scanline 3D5h 14h 15h 4-49 
CR15 CRTC Vertical Blank Start 3D5h 15h 15h 4-50 
CR16 CRTC Vertical Blank End 3D5h 16h 15h 4-51 
CR17 CRTC Mode Control 3D5h 17h 15h 4-52 
CR18 CRTC Line Compare 3D5h 18h 15h 4-54 
CR22 a Latches Readback 3D5h 20h 15h 4-55 
CR24 ca Toggle Readback 3D5h 24h 15h 4-56 
CR26 aoa Index Readback 3D5h 26h 15h 4-57 
GRX Graphics Controller Index (read only) 3CEh = OEh 4-58 
GRO es A Set/Reset Background 3CFh 00h 400h 4-59 
GR1 See Enable/ 3CFh Oth 104h 4-60 
GR2 Graphics Controller Color Compare 3CFh 02h OFh 4-61 
GR3 Graphics Controller Data Rotate 3CFh 03h OFh 4-62 
GR4 Graphics Controller Read Map Select 3CFh 04h OFh 4-63 
GR5 Graphics Controller Mode 3CFh 05h OFh 4-64 
GR6 Graphics Controller 3CFh 06h OFh 4-66 
GR7 Graphics Controller Color Don’t Care 3CFh 07h OFh 4-67 
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Table 4-1. VGA Core Registers Quick Reference (cont.) 























Abbreviation | Register Name /O Port Index | MMI/O | Page 
GR8 Graphics Controller Bit Mask 3CFh 08h OFh 4-68 
ARX Attribute Controller Index 300/3C1h = OOh/O1h | 4-69 
ARO-ARF Attribute Controller Palette 3C0/3C1h | OOh-OFh | OOh/O1h | 4-70 
AR10 Attribute Controller Mode 3C0/3C1h 10h OOh/O1h | 4-71 

AR11 Overscan (Border) Color 3C0/3C1h 11h O0O0h/O1h | 4-73 
AR12 Color Plane Enable 3C0/3C 1h 12h OOh/Oih | 4-74 
AR13 Pixel Panning 3C0/3C1h 13h OOh/Oih | 4-75 
AR14 Color Select 3C0/3C1h 14h OOh/01h | 4-76 


























a If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.1. MISC: Miscellaneous Output 
I/O Port Address: 3C2h (write); 3CCh (read) 


Index: - 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7 Vertical Sync Polarity 

6 Horizontal Sync Polarity 
5 Page Select 

4 Reserved 

3 Clock Select [1] 

2 Clock Select [0] 

1 Enable VGA Display Memory 
0 CRTC I/O Address 


This is one of the standard VGA registers. 


Bit Description 
7 Vertical Sync Polarity: If this bit is ‘0’, the Vertical Sync is a low signal, going high 


to indicate the beginning of sync time. If this bit is ‘1’, the Vertical Sync is a high 
signal, going low to indicate the beginning of sync time. 

See the description of register GRE on page 8-31 for information regarding static 
sync signals. 


6 Horizontal Sync Polarity: If this bit is ‘0’, the Horizontal Sync is a low signal, going 
high to indicate the beginning of sync time. If this bit is ‘1’, the Horizontal Sync is a 
high signal, going low to indicate the beginning of sync time. 

See the description of register GRE for information regarding static sync signals. 


For some monitors, the polarities of Vertical and Horizontal Sync indicates the 
number of active scanlines per frame summarized below. 

















MISC[7] MISC[6] Vertical Size 
0 (+) 0 (4+) Reserved 
0 (+) 1 (-) 400 
1 (-) 0 (+) 350 
1 (-) 1 (-) 480 
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4.1 MISC: Miscellaneous Output (cont.) 


Bit 
5 


3:2 


Description 


Page Select: This bit affects the meaning of the least-significant bit of the display 
memory address when in Even/Odd modes (SR4[2] = 1). If this bit is ‘0’, only odd 
memory locations are selected. If this bit is ‘1’, only even memory locations are 
selected. 


NOTE: This bit is effective in modes 6, D, E, 11, and 12. This bit is ignored if Chain 
(GR6[1]) or Chain4 (SR4[3]) are enabled. 


Reserved 


Clock Select [1:0]: This 2-bit field selects one of the VCLK frequencies, as shown 
in the following table: 











EDCLK# | Clock Select [1:0] VCLK Source Default Frequency 
1 00 VCLKO 25.180 MHz 
1 01 VCLK1 28.325 MHz 
1 10 VCLK2 41.165 MHz 
1 11 VCLK3 36.082 MHz 
0 1X DCLK pin (DAC 
and CRTC counters) 
0 OX DCLK pin (DAC only) 























Refer to Chapter 9, “Programming Notes”, for programming VCLK frequencies 
other than those listed in the table above. 


Enable VGA Display Memory: If this bit is ‘0’, the CL-GD5480 does not respond 
to any access to display memory at the standard VGA address. If this bit is ‘1’, the 
CL-GD5480 responds normally to accesses to display memory at the standard 
VGA address. This bit has no effect on accesses through the PCI apertures. 


CRTC I/O Address: This bit selects I/O addresses for either Monochrome or Color 
mode. All extended modes are color modes. The addresses that are controlled by 
this bit are summarized in the table below. 
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MISC[O] ISR/FC CRTC Index CRTC Data Mode 
0 3BA 3B4 3B5 Monochrome 
1 3DA 3D4 3D5 Color 
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4.2 FC: Feature Control 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 

2:0 


3DAh (write), 3CAh (read) 


8 
Read/write 


Description Reset State 


Reserved 
VSYNC Control 0 
Reserved 


This is one of the original IBM VGA registers. 


Bit 
7:4 


3 


2:0 


Description 
Reserved 


VSYNC Control: If this bit is ‘1’, VSYNC is logically OR’ed with Display Enable (an 
internal signal) prior to going to the VSYNC pin. 


If this bit is ‘0’, VSYNC is unchanged. 


Reserved 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.3 FEAT: Input Status Register 0 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7 
6:5 
4 
3:0 


3C2h 


8 
Read only 


Description 

VGA Interrupt Pending 
Reserved 

DAC Sensing 
Reserved 


This is one of the registers in the IBM VGA. This is a read-only register. 


Bit 
7 


6:5 


3:0 


Description 


VGA Interrupt Pending: If this bit is ‘1’, an interrupt request is pending. If this bit 
is a ‘0’, no interrupt is pending. See the description of register CR11 on page 4-45 
for more information regarding the CL-GD5480 interrupt system. See Chapter 9, 
“Programming Notes”, for information regarding additional interrupt sources. 


Reserved 


DAC Sensing: This read-only bit is used by the Cirrus Logic BIOS to determine 
whether a monitor is connected, and if so, whether it is color or monochrome. 


Reserved 
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4.4 STAT: Input Status Register 1 
I/O Port Address: 3DAh 


Index: = 

Size (bits): 8 

Access Type: Read only 

Bit Description 
7:6 Reserved 

5 Diagnostic [1] 

4 Diagnostic [0] 

3 Vertical Retrace 
2:1 Reserved 

0 Display Enable 


This read-only register contains some VGA status bits. Reading this register has the effect of forc- 
ing the Attribute Controller Toggle bit (CR24[7]) to ‘0’. 


Bit Description 
7:6 Reserved 
5:4 Diagnostic [1:0]: These bits follow two of eight outputs of the attribute controller. 


The selection is made according to AR12[5:4] (Color Plane Enable register) as 
indicated in the following table: 





























AR12[5] AR12[4] STAT[5] STAT[4] 
0 0 P[2] P[0] 
0 1 P[5] P[4] 
1 0 P[3] P[1] 
1 1 P[7] P[6] 
3 Vertical Retrace: If this bit is ‘1’, a vertical retrace is in progress. 
2:1 Reserved 
0 Display Enable: If this bit is read as ‘0’, data is being serialized and displayed. If 


this bit is read as ‘1’, vertical or horizontal blanking is active. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.5 


Pixel Mask 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


a 
- 


O-NMNWBROON 


3C6h 


8 
Read/write 


Description 

Pixel Mask [7] 
Pixel Mask [6] 
Pixel Mask [5] 
Pixel Mask [4] 
Pixel Mask [3] 
Pixel Mask [2] 
Pixel Mask [1] 
Pixel Mask [0] 


CL-GD5480 Technical Reference Manual 


The bits in this register form the pixel mask for the palette DAC. All bits in this register are typ- 


ically programmed to ‘1’ by the Cirrus Logic BIOS. 


Bit 
7:0 


Description 


Pixel Mask [7:0]: This field is the pixel mask for the palette DAC. If a bit in this 


field is ‘0’, the corresponding bit in the pixel data is ignored when looking up an 
entry in the LUT. 
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4.6 


Palette Address (Read Mode, Write only) 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


oo 
-~ 


O-NMNWBROON 


3C7h 


8 
Write only 


Description 

Palette Address 
Palette Address 
Palette Address 
Palette Address 
Palette Address 
Palette Address 
Palette Address 
Palette Address 


Read mode 
Read mode 
Read mode 
Read mode 
Read mode 
Read mode 
Read mode 
Read mode 


[7] 
[6] 
[5] 
[4] 
[3] 
[2] 
[1] 
[0] 


Nn Oe 
ws ss ss aS OAS ANSON ST 


VGA CORE REGISTERS 


The bits in this write-only register specify the address (Read mode) for the palette. This is used to 
specify the entry in the LUT to be read. 


Bit 
7:0 


Description 


Palette Address (Read mode) [7:0]: This field is the address (Read mode) for the 
LUT. This address is incremented after every third read of the Pixel Data register. 
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4.7 DAC State (Read only) 
I/O Port Address: 3C7h 


Index: on 

Size (bits): 8 

Access Type: Read only 
Bit Description 
7:2 Reserved 

1 DAC State [1] 
0 DAC State [0] 


The bits in this read-only register indicate whether a read or a write occurred last to the LUT. 


Bit Description 
7:2 Reserved 
1:0 DAC State [1:0]: This field indicates whether the Palette Address (Read) register 


or the Palette Address (Write) register was accessed last. The two bits must always 
have the same value. When the state of these bits is ‘00’, a write operation is in 
progress. When the state of these bits is ‘11’, a read operation is in progress. 
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4.8 Palette Address (Write Mode) 
I/O Port Address: 3C8h 


Index: = 

Size (bits): 8 

Access Type: Write only 

Bit Description 

7 Palette Address (Write mode) [7] 
6 Palette Address (Write mode) [6] 
5 Palette Address (Write mode) [5] 
4 Palette Address (Write mode) [4] 
3 Palette Address (Write mode) [3] 
2 Palette Address (Write mode) [2] 
1 Palette Address (Write mode) [1] 
0 Palette Address (Write mode) [0] 


The bits in this register form the address (Write mode) for the palette DAC. This specifies the entry 
in the LUT to be written. 


Bit Description 
7:0 Palette Address (Write mode) [7:0]: This field is the Palette Address (Write 


mode) for the LUT. This address is incremented after every third write to the Pixel 
Data register. 
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4.9 Palette Data 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


wo 
-~ 


O-NWABROON 


3C9h 


8 
Read/write 


Description 
Pixel Data [7] 
Pixel Data [6] 
Pixel Data [5] 
Pixel Data [4] 
Pixel Data [3] 
Pixel Data [2] 
Pixel Data [1] 
Pixel Data [0] 


This is the Pixel Data register for the palette DAC. 


Bit 
7:0 


Description 


Pixel Data [7:0]: This field is the Pixel Data for the palette DAC. This is a read/write 
register. Prior to writing to this register, 3C8h is written with the first (or only) palette 
address. Then three values, corresponding to RED, GREEN, and BLUE are written 
to this address. 


Following the third write, the values are transferred to the LUT, and the Palette 
Address is incremented in case values for the next address that are to be written. 


Prior to reading from this register, 3C7h is written with the first (or only) palette 
address. Then three values, corresponding to RED, GREEN, and BLUE, can be 
read from this address. Following the third read, the palette address increments in 
case the values for the next address are to be read. 
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4.10 SRX: Sequencer Index 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:5 
4 


3 
2 
1 
0 


3C4h 


8 
Read/write 


Description 
Reserved 
Sequencer Index [4] 
Sequencer Index [3] 
Sequencer Index [2] 
Sequencer Index [1] 
Sequencer Index [0] 


VGA CORE REGISTERS 


This register specifies the register in the sequencer block to be accessed by the next I/O read or 
write to address 3C5h. Indices greater than five point to the registers defined in Chapter 8, “Mis- 
cellaneous Extension Registers”. 


Bit 
7:5 


4:0 


Description 


Reserved 


Sequencer Index [4:0]: This field selects the register to be accessed with the next 
I/O read or I/O write to 3C5h. 
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4.11 SRO: Sequencer Reset 
I/O Port Address: 3C5h 


Index: 00h 

Size (bits): 8 

Access Type: Read/write 

Bit Description Reset State 
7:2 Reserved 

1 Synchronous Reset 1 

0 Asynchronous Reset 1 


This register resets the sequencer. These register bits are for compatibility only and never need 
to be used in the CL-GD5480. 


Bit Description 
7:2 Reserved 
1 Synchronous Reset: If this bit is ‘0’, the sequencer clears and halts. This disables 


screen refresh and display memory refresh. If this bit is ‘17 and SRO[0] is ‘1’, the 
sequencer operates normally. 


NOTE: This is the VGA bit definition. This register bit has no actual effect on the 
CL-GD5480. 


0 Asynchronous Reset: If this bit is ‘0’, the sequencer clears and halts and register 
SR3 is cleared. If this bit is ‘1’ and SRO[1] is ‘1’, the sequencer operates normally. 


NOTE: This is the VGA bit definition. This register bit has no actual effect on the 
CL-GD5480. 
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4.12 SR1: Sequencer Clocking Mode 
I/O Port Address: 3C5h 


Index: Oth 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:6 Reserved 

5 Full Bandwidth 

4 Shift and Load 32 
3 Dot Clock + 2 

2 Shift and Load 16 
1 Reserved 

0 8/9 Dot Clock 


This register controls miscellaneous functions in the sequencer. 


Bit Description 
7:6 Reserved 
5 Full Bandwidth: If this bit is ‘1’, screen refresh stops. This allows the CPU to 


use nearly 100% of the display memory bandwidth. HSYNC and VSYNC con- 
tinue normally, and display memory refresh also continues. BLANK# goes 
active and stays active. If this bit is ‘0’, the CL-GD5480 operates normally. 


4 Shift and Load 32: This bit, in conjunction with SR1[2], controls the display 


























data shifters in the graphics controller according to the following table: 
SR1[4] SR1[2] Data Shifters Loaded 
0 0 Every character clock 
0 1 Every second character clock 
1 X Every fourth character clock 
3 Dot Clock = 2: If this bit is ‘1’, VCLK is divided by two to generate DCLK. This 


is for low-resolution display modes (such as 0, 1, 4, 5, and D). If this bit is ‘0’, 
the VCLK is not divided by two. 
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4.12 SR1: Sequencer Clocking Mode (cont.) 


Bit Description 

2 Shift and Load 16: Refer to the description of SR1[4]. 

1 Reserved 

0 8/9 Dot Clock: If this bit is ‘1’, DCLK is divided by eight to generate the char- 


acter clock. If this bit is ‘0’>, DOLK is divided by nine to generate the character 
clock. This is used for 720 x 350 and 720 x 400 resolution AN (alphanumeric) 
modes. 
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4.13 SR2: Plane Mask 
I/O Port Address: 3C5h 


Index: 02h 

Size (bits): 8 

Access Type: Read/write 
Bit Description 
7:4 Reserved 

3 Map 3 Enable 
2 Map 2 Enable 
1 Map 1 Enable 
0 Map 0 Enable 


This register enables/disables writing to the four planes of display memory. 


Bit Description 
7:4 Reserved 
3:0 Map Enable [3:0]: These four bits individually control whether bit planes 3:0 


are written with Write modes 0 through 3. If GRB[2] is set to ‘1’, these bits can 
also control which bytes are written by the BitBLT engine. 
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4.14 SR3: Character Map Select 
I/O Port Address: 3C5h 


Index: 03h 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:6 Reserved 

5 Secondary Map Select [0] 
4 Primary Map Select [0] 

3 Secondary Map Select [2] 
2 Secondary Map Select [1] 
1 Primary Map Select [2] 

0 Primary Map Select [1] 


This register specifies the primary and secondary character sets (fonts). This is used only for 


Text modes. 

Bit Description 

to Reserved 

5, 3:2 Secondary Map Select: These three bits select the secondary character map 


according to the following table: 




















SR3[5] SR3[3] SR3[2] Map Offset 
0 0 0 0 OK 
0 0 1 1 16K 
0) 1 0 2 32K 
0 1 1 3 48K 
1 0 0 4 8K 
1 0 1 5 24K 
1 1 0 6 40K 
1 1 1 7 56K 
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4.14 SR3: Character Map Select (cont.) 


















































Bit Description 
4, 1:0 Primary Map Select: These three bits select the Primary Character Map accord- 
ing to the following table: 
SR3[4] SR3[1] SR3[0] Map Offset 
0 0 0 0 OK 
0 0 1 1 16K 
0 1 0 2 32K 
0 1 1 3 48K 
1 0 0 4 8K 
1 0 1 5 24K 
1 1 0 6 40K 
1 1 1 7 56K 
NOTES: 


1) 


2) 
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In Text modes, the ASCII text character is stored in Plane 0, the attribute is stored in Plane 1, and the 
font is stored in Plane 2. 


Bit 3 of the attribute byte normally controls the intensity of the foreground color. This bit can be redefined 
to be a switch between character sets, allowing 512 displayable characters. This switch is enabled 
whenever there is a difference between the values of the primary map select and secondary map select, 
and SR4[1] is ‘1’. 


The format of the plane 2 font Address bits 15:0 is: 
FO Fi F2 C7 C6 C5 C4 C3 C2 Ci CO R4 R38 R2 R11 RO, 


where F[2:0] is the character map select, C[7:0] is the ASCII character, and R[4:0] is the character row 
(scanline in the character cell). 
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4.15 SR4: Memory Mode 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 


2 
1 
0 


3C5h 

04h 

8 
Read/Write 


Description 
Reserved 

Chain 4 
Odd/Even 
Extended Memory 
Reserved 


This register controls miscellaneous functions in the sequencer. 


Bit 
7:4 


3 


Description 


Reserved 


Chain 4: If this bit is ‘1’, AO provides Plane Select bit 0, and A1 provides Plane 
Select bit 1. This has a similar effect as Odd/Even mode, except that both A1 and 
AO are used. This bit takes priority over SR4[2] (Odd/Even) and GR5[4]. There is 
not a separate bit in the graphics controller to select Chain-4 addressing, as is the 
case with the Odd/Even bit. 


The Graphics Controller Read Map register (GR4) is ignored when this bit is ‘1’. 
This bit also modifies the meaning of SR7[0]. 


Odd/Even: If this bit is ‘0’, the sequencer is placed in Odd/Even mode. Even CPU 
addresses access Planes 0 and 2; odd CPU addresses access Planes 1 and 3. 
This bit must be ‘0’ for Text modes. The value of this bit must track GR5[4] 
(Odd/Even); the values are opposite. 


This bit also modifies the meaning of SR7[0]. 

Extended Memory: If this bit is ‘0’, the effective memory size is 64K, regardless of 
the memory actually installed. EGA modes require this to be the case. If this bit is 
‘1’, the effective memory size is equal to the actual memory installed. 


Reserved 
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4.16 CRX: CRTC Index 
I/O Port Address: 3D4h 


Index: 7 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7 CRTC Index [7] 
6 CRTC Index [6] 
5 CRTC Index [5] 
4 CRTC Index [4] 
3 CRTC Index [3] 
2 CRTC Index [2] 
1 CRTC Index [1] 
0 CRTC Index [0] 


This register specifies the register in the CRTC block accessed by the next I/O read or I/O write 


to Address 3D5. 

Bit Description 

7:6 Reserved 

5:0 CRTC Index [7:0]: This value points to the register to be accessed in the next I/O 


read or I/O write to address 3D5h. 
NOTE: Registers above 18 were never documented by IBM. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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CRO (H TOTAL) 
CR3 (H BLANKING END) 
CR5 (H RETRACE END) 
CR4 (H RETRACE START) 
CR2 (H BLANKING START) 


CR1 (H DISPLAY END) | 
<<] AASA$I™ Mm 


ACTIVE DISPLAY SCREEN 


BOTTOM BORDER 
DISPLAY BLANKED 
VERTICAL RETRACE (SYNC) 
DISPLAY BLANKED 
TOP BORDER 





A-CR6 (V TOTAL) 
B - CR16 (V BLANKING END) 

C - CR11 (V RETRACE END) 

D - CR10 (V RETRACE START) 

E - CR15 (V BLANKING START) 

F - CR12 (V DISPLAY END) 

G - RIGHT BORDER 

H - DISPLAY BLANKED 

| - HORIZONTAL RETRACE (SYNC) 
J - DISPLAY BLANKED 

K - LEFT BORDER 


Figure 4-1. CRTC Timing Registers 
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The extension and overflow bits are organized by parameter and bit position in Table 4-2: 


Table 4-2. Summary of CRTC Timing Registers 






































Parameter 9 8 7 6 5 4:0 

H Total CRO[7] CRO[6] CRO[5] CRO[4:0] 
H Display End CR1[7] CR1[6] CRI1[5] | CR1[4:0] 
H Blank Start CR2{7] CR2{[6] CR2[5] | CR2[4:0] 
H Blank End CR1A[5] | CR1A[4] | CR5[7] CR3[4:0] 
H Sync Start CR4{7] CR4{6] CR4[5] | CR4[4:0] 
H Sync End CR5[4:0] 
V Total CR7[5] CR7(0] CR6[7] CR6[6] CR6[5] CR6[4:0] 
V Display End CR7[6] CR7[1]_ | CR12[7] | CR12[6] | CR12[5] | CR12[4:0] 
V Blank Start CR9[5] CR7[3] CR15[7] CR15[6] | CR15[5]) | CR15[4:0] 
V Blank End CR1A[7] | CR1A[6] | CR16[7] | CR16[6] | CR16[5] | CR16[4:0] 
V Sync Start CR7[7] CR7[2] CR10[7] | CR10[6] | CR10[5] | CR10[4:0] 
V Sync End CR11[3:0] 
Line Compare CR9[6] CR7[4] | CR18[7] | CR18[6] | CR18[5] | CR18[4:0] 
Offset CR1B[6] | CR1B[4] | CR13[7] | CR13[6] | CR13[5] | CR13[4:0] 





























The extension and overflow bits for the Screen Start A value are listed in Table 4-3. The Cirrus 
Logic extensions are shown in bold. 


Table 4-3. Screen Start A Extensions 


19 7:0 











CR1D[7] CR1B[3:2] CR1B[0] CRC[7:0] CRDI7:0] 
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4.17 CRO: CRTC Horizontal Total 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


eu 
-— 


O-NWBROON 


3D5h 

00h 

8 
Read/write 


Description 

Horizontal Total [7] 
Horizontal Total [6] 
Horizontal Total [5] 
Horizontal Total [4] 
Horizontal Total [3] 
Horizontal Total [2] 
Horizontal Total [1] 
Horizontal Total [0] 


This register specifies the total number of character clocks per horizontal period. 


Bit 
7:0 


Description 


Horizontal Total [7:0]: The character clock (derived from the VCLK according to 
the character width) is counted in the character counter. The value of the character 
counter is compared with the value in this register to provide the basic horizontal 
timing. All horizontal and vertical timing is eventually derived from this register. The 
value in the register is ‘Total number of character times minus five’. 


Figure 4-1 on page 4-24 indicates the way the horizontal and vertical timing is 
defined. The horizontal timing is calculated in terms of character clock periods and 
the vertical timing is calculated in terms of horizontal periods. Table 4-2 indicates 
how the various timing registers are extended. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.18 CR1: CRTC Horizontal Display End 


I/O Port Address: 3D5h 
Index: Oth 

Size (bits): 8 

Access Type: Read/write 


eu 
-~ 


Description 

Horizontal Display End [7] 
Horizontal Display End [6] 
Horizontal Display End [5] 
Horizontal Display End [4] 
Horizontal Display End [3] 
Horizontal Display End [2] 
Horizontal Display End [1] 
Horizontal Display End [0] 


O-NWBROON 


This register specifies the number of character clocks during horizontal display time. 
Bit Description 


7:0 Horizontal Display End [7:0]: For text modes, the number of character clocks dur- 
ing horizontal display time is the number of characters; for graphics modes, the 
number of character clocks during horizontal display time is the number of pixels in 
each scanline divided by the number of pixels in each character clock. The number 
is usually eight, but can be 16 for modes that use clock doubling. The value in the 
field is the number of character clocks minus one. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.19 CR2: CRTC Horizontal Blanking Start 


I/O Port Address: 3D5h 
Index: 02h 

Size (bits): 8 

Access Type: Read/write 


eu 
-— 


Description 

Horizontal Blanking Start [7] 
Horizontal Blanking Start [6] 
Horizontal Blanking Start [5] 
Horizontal Blanking Start [4] 
Horizontal Blanking Start [3] 
Horizontal Blanking Start [2] 
Horizontal Blanking Start [1] 
Horizontal Blanking Start [0] 


O-NWBROON 


This register specifies the character count where horizontal blanking starts. 
Bit Description 


7) Horizontal Blanking Start [7:0]: This value specifies where horizontal blanking 
begins. The value programmed into this register and its extension must always be 
larger than the value programmed into register CR1 and its extension. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.20 CR3: CRTC Horizontal Blanking End 


I/O Port Address: 3D5h 
Index: 03h 

Size (bits): 8 

Access Type: Read/write 


w 
-~ 


Description 

Compatible Read 

Display Enable Skew [1] 
Display Enable Skew [0] 
Horizontal Blanking End [4] 
Horizontal Blanking End [3] 
Horizontal Blanking End [2] 
Horizontal Blanking End [1] 
Horizontal Blanking End [0] 


O-NWBROON 


This register determines the width of the horizontal blanking period and controls display enable 
skew and access to registers CR10 and CR11. 


Bit Description 
if Compatible Read: If this bit is ‘0’", registers CR10 and CR11 are write-only. If this 


bit is ‘1’, registers CR10 and CR11 are read/write. 


6:5 Display Enable Skew [1:0]: This 2-bit field specifies the number of character 
clocks that the display enable is to be delayed from Horizontal Total. This is neces- 
sary to compensate for the accesses of the character code and attribute byte, and 
the accesses of the font, and so on. The following table indicates the coding of 








CR3{[6:5]. 
CR3[6] CR3[5] Skew Note 
0 0 0 
0 1 1 Typical setting 
1 0 2 
1 1 3 























NOTE: If the skew is programmed too low, the left-most character is repeated. If the skew 
is programmed too high, one or more characters disappear at the left of each 
character row. 


Copyright 1996 — Cirrus Logic Inc. 4-29 November 1996 


VGA CORE REGISTERS CL-GD5480 Technical Reference Manual 


4.20 CR3: CRTC Horizontal Blanking End (cont.) 


Bit 
4:0 


Description 


Horizontal Blanking End [4:0]: This field determines the width of the horizontal 
blanking period. This field is extended with CR5[7] and CR1A[5:4] (if enabled). The 
least-significant 5—8 bits of the character counter are compared with the contents 
of this field. When a match occurs, the horizontal blanking period ends. Note that 
the horizontal blanking period is limited to 63 or 255 character-clock times. The 
value programmed into this register can be calculated by adding the desired blank- 
ing period to the value programmed into register CR2 (Horizontal Blanking Start). 
The blanking period must never extend past the horizontal total. 

If CR1B[5] or CR1B[7] is ‘1’, this field is extended with Extension register 
CR1A(5:4]. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.21 CR4: CRTC Horizontal Sync Start 


I/O Port Address: 3D5h 
Index: 04h 

Size (bits): 8 

Access Type: Read/write 


= 
-~ 


Description 

Horizontal Sync Start [7] 
Horizontal Sync Start [6] 
Horizontal Sync Start [5] 
Horizontal Sync Start [4] 
Horizontal Sync Start [3] 
Horizontal Sync Start [2] 
Horizontal Sync Start [1] 
Horizontal Sync Start [0] 


O-NWBROON 


This register specifies the time where HSYNC becomes active. 
Bit Description 


7:0 Horizontal Sync Start [7:0]: This field specifies the Character Count where 
HSYNC (Horizontal Sync) becomes active. This is extended with CR1A[4]. Adjust- 
ing the value in this field moves the display horizontally on the screen. The Hori- 
zontal Sync Start must be equal to or greater than Horizontal Display End. The time 
from Horizontal Sync Start to Horizontal Total must be equal to or greater than four 
character times. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.22 CR5: CRTC Horizontal Sync End 


I/O Port Address: 3D5h 


Index: 05h 

Size (bits): 8 

Access Type: Read/write 
Bit Description 
7 

6 

5 

4 

3 

2 

1 

0 


Horizontal Blanking End [5] 
Horizontal Sync Delay [1] 
Horizontal Sync Delay [0] 
Horizontal Sync End [4] 
Horizontal Sync End [8] 
Horizontal Sync End [2] 
Horizontal Syne End [1] 
Horizontal Sync End [0] 


CL-GD5480 Technical Reference Manual 


This register specifies the position where the Horizontal Sync pulse ends, effectively specifying 
the width of the pulse. In addition, this register contains an overflow bit and a skew field. 


Bit Description 

7 Horizontal Blanking End [5]: This bit extends the Horizontal Blanking End value 
by one bit. Refer to register CR3 for an explanation of the Horizontal Blanking End 
Value. 

65 Horizontal Sync Delay [1:0]: This 2-bit field delays the external Horizontal Sync 


pulse from the position implied in register CR4. This is necessary in some modes 
to allow internal timing signals triggered from Horizontal Sync Start to begin prior 
to Display Enable. The following table summarizes the HSYNC delay: 


























CR[6] CRS[5] In éhaace Clocks 
0 0 g 
0 1 ; 
1 0 . 
1 1 2 
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4.22 CR5: CRTC Horizontal Sync End (cont.) 


Bit Description 


4:0 Horizontal Sync End [4:0]: This field determines the width of the Horizontal Sync 
pulse. The least-significant five bits of the Character Counter are compared with 
the contents of this field. When a match occurs, the Horizontal Sync pulse is ended. 
Note the Horizontal Sync pulse is limited to 31 character-clock times. The value to 
be programmedzd into this register can be calculated by subtracting the desired Sync 
width from the value programmed into register CR4 (Horizontal Sync Start). The 
Sync pulse must never extend past the Horizontal Total. In addition, HSYNC must 
always end during the Horizontal Blanking period. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 





NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.23 CR6: CRTC Vertical Total 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


eu 
-— 


O-NWBROON 


3D5h 

06h 

8 
Read/write 


Description 

Vertical Total [7] 
Vertical Total [6] 
Vertical Total [5] 
Vertical Total [4] 
Vertical Total [3] 
Vertical Total [2] 
Vertical Total [1] 
Vertical Total [0] 


This register specifies the total number of scanlines per frame. 


Bit 
7:0 


Description 


Vertical Total [7:0]: This field is the least-significant 8 bits of a 10-bit field that 
defines the total number of scanlines per frame. This field is extended with CR7[0] 
and CR7[5]. The value programmed into the Vertical Total field is the total number 
of scanlines minus two. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.24 CR7: CRTC Overflow 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


eu 
- 


O-NWBROON 


3D5h 

07h 

8 
Read/write 


Description 

Vertical Retrace Start [9] 
Vertical Display End [9] 
Vertical Total [9] 

Line Compare [8] 
Vertical Blanking Start [8] 
Vertical Retrace Start [8] 
Vertical Display End [8] 
Vertical Total [8] 


This register contains bits that extend various vertical count fields. Refer to Figure 4-1 on page 4- 
24 and Table 4-2 on page 4-25 for a summary of CRTC Timing registers. 


Bit 
7 


Description 


Vertical Retrace Start [9]: This bit extends the Vertical Retrace Start (CR10) field 
to 10 bits. 


Vertical Display End [9]: This bit extends the Vertical Display End (CR12) field to 
10 bits. 


Vertical Total [9]: This bit extends the Vertical Total (CR6) field to 10 bits. 
Line Compare [8]: This bit extends the Line Compare (CR18) field to 9 bits. 


Vertical Blanking Start [8]: This bit extends the Vertical Blanking Start (CR15) 
field to 9 bits. 


Vertical Retrace Start [8]: This bit extends the Vertical Retrace Start (CR10) field 
to 9 bits. 


Vertical Display End [8]: This bit extends the Vertical Display End (CR12) field to 
9 bits. 


Vertical Total [8]: This bit extends the Vertical Total (CR6) field to 9 bits. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.25 CR8: CRTC Screen A Preset Row-Scan 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


wo 
-~ 


O-NWABROON 


3D5h 

8h 

8 
Read/write 


Description 

Reserved 

Byte Pan [1] 

Byte Pan [0] 

Screen A Preset Row Scan [4] 
Screen A Preset Row Scan [3] 
Screen A Preset Row Scan [2] 
Screen A Preset Row Scan [1] 
Screen A Preset Row Scan [0] 


This register specifies the row scanline where Screen A begins, allowing scrolling on a scanline 
basis (soft scroll). In addition, this register specifies the byte pan (coarse panning). 


Bit 
7 


6:5 


4:0 


Description 
Reserved 


Byte Pan [1:0]: This 10-bit field controls coarse panning. It can specify a pan of up 
to 24 pixels with a resolution of eight pixels. AR13 provides for panning on a pixel 
basis. The values programmed into CR8[6:5] are interpreted as indicated in the fol- 
lowing table: 








CR8[6] CR8[5] Bytes Pixels 
0 0 0 0 
0 d 1 8 
1 0 2 16 
1 1 3 24 























Screen A Preset Row Scan [4:0]: This field specifies the scanline where the first 
character row begins. This provides scrolling on a scanline basis (soft scrolling). 
The contents of this field should be changed only during Vertical Retrace time. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.26 CR9: CRTC Character Cell Height 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


= 
- 


O-NWAROON 


3D5h 

09h 

8 
Read/Write 


Description 

CRTC Scan Double 

Line Compare [9] 
Vertical Blank Start [9] 
Character Cell Height [4] 
Character Cell Height [3] 
Character Cell Height [2] 
Character Cell Height [1] 
Character Cell Height [0] 


This register specifies the number of scanlines in the character cell. In addition, it contains two 
vertical overflow bits and one control bit. 


Bit 
7 


4:0 


Description 


CRTC Scan Double: If this bit is ‘1’, every scanline is displayed twice in succes- 
sion. The scanline counter-based parameters (character height, cursor start and 
end, and underline location) double. This bit typically displays 200-line modes at 
400 scanlines. This function is not available in Interlaced Display modes. 


Line Compare [9]: This bit extends the Line Compare field (CR18) to 10 bits. 


Vertical Blank Start [9]: This bit extends the Vertical Blank Start field (CR15) to 
10 bits. 


Character Cell Height [4:0]: This field specifies the vertical size of the character 
cell in terms of scanlines. The value programmed into this field is the actual size 
minus one. 

NOTE: When the hardware cursor is enabled (SR12[0] = 1), this field must be pro- 
grammed to ‘0’. The hardware cursor uses the counter formerly used to count 
scanlines in the character cell. 

Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 

CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.27 CRA: CRTC 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


Bit 
7:6 


OoO-NWA OU 


Text Cursor Start 


3D5h 

OAh 

8 
Read/write 


Description 
Reserved 

Disable Text Cursor 
Text Cursor Start [4] 
Text Cursor Start [3] 
Text Cursor Start [2] 
Text Cursor Start [1] 
Text Cursor Start [0] 


This register specifies the scanline where the text cursor is to begin. In addition, this register con- 


tains a bit that 
Bit 

7:6 

5 


4:0 


disables the text cursor. 


Description 


Reserved 


Disable Text Cursor: If this bit is ‘1’, the text cursor is disabled (that is, it is 
removed). If this bit is ‘0’, the text cursor functions normally. 


Text Cursor Start [4:0]: This field specifies the scanline within the Character Cell 
where the text cursor is to start. If the Text Cursor Start value is greater than the 
Text Cursor End value, no text cursor is displayed. If the Text Cursor Start value is 
equal to the Text Cursor End value, the text cursor occupies a single scanline. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.28 CRB: CRTC Text Cursor End 
/O Port Address: 3D5h 


Index: OBh 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

te Reserved 

6 Text Cursor Skew [1] 
5 Text Cursor Skew [0] 
4 Text Cursor End [4] 
3 Text Cursor End [8] 
2 Text Cursor End [2] 

1 Text Cursor End [1] 
0 Text Cursor End [0] 


This register specifies the scanline within the character cell where the text cursor is to end. It also 
contains a field that allows the text cursor to be skewed from the location specified in registers 


CRE and CRF. 

Bit Description 

7 Reserved 

6:5 Text Cursor Skew [1:0]: This 2-bit field specifies a delay, in character clocks, from 


the text cursor location specified in registers CRE and CRF to the actual cursor. 


4:0 Text Cursor End [4:0]: This field specifies the scanline within the character where 
the text cursor is to end. A value greater than the character cell height yields an 
effective ending value equal to the cell height. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.29 CRC: CRTC Screen Start Address High 


I/O Port Address: 3D5h 
Index: OCh 

Size (bits): 8 

Access Type: Read/write 


oH 
-— 


Description 

Screen Start A Address [15] 
Screen Start A Address [14] 
Screen Start A Address [13] 
Screen Start A Address [12] 
Screen Start A Address [11] 
Screen Start A Address [10] 
Screen Start A Address [9] 
Screen Start A Address [8] 


O-NWBROON 


This register and register CRD along with the Cirrus Logic extensions, specify the location in dis- 
play memory where the data to be displayed on the screen begins. 


Bit Description 


7:0 Screen Start A Address [15:8]: The Screen Start A field specifies the location in 
display memory where the screen begins. This register contains bits 15:8 of this 
value. Bits 7:0 are in register CRD, bits 18:16 are in register CR1B, and bit 19 is in 
CRI1D[7]. 

Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.30 CRD: CRTC Screen Start Address Low 


I/O Port Address: 3D5h 
Index: ODh 

Size (bits): 8 

Access Type: Read/write 


eu 
- 


Description 

Screen Start A Address [7] 
Screen Start A Address [6] 
Screen Start A Address [5] 
Screen Start A Address [4] 
Screen Start A Address [3] 
Screen Start A Address [2] 
Screen Start A Address [1] 
Screen Start A Address [0] 


O-NWAROON 


This register and register CRC specify the location in display memory where the data to be dis- 
played on the screen begins. 


Bit Description 


7:0 Screen Start A Address [7:0]: The Screen Start A field specifies the location in 
display memory where the screen begins. This register contains bits 7:0 of this 
value, bits 15:8 are in register CRC. Extension bits 18:16 are in register CR1B and 
bit 19 is in CR1D. 


NOTE: When the CL-GD5480 is configured for a 64-bit frame buffer, bit 0 of this register 
must be programed to ‘0’. 

Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 

CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.31 CRE: CRTC Text Cursor Location High 


I/O Port Address: 3D5h 

Index: OEh 

Size (bits): 8 

Access Type: Read/Write 


eu 
-— 


Description 

Text Cursor Location [15] 
Text Cursor Location [14] 
Text Cursor Location [13] 
Text Cursor Location [12] 
Text Cursor Location [11] 
Text Cursor Location [10] 
Text Cursor Location [9] 
Text Cursor Location [8] 


O-NWBROON 


This register and register CRF specify the location in display memory where the text cursor is to 
be displayed. 


Bit Description 


7:0 Text Cursor Location [15:8]: This 16-bit field specifies the location in display 
memory where the text cursor is to be displayed. This register contains bits 15:8 of 
this field. Register CRF contains bits 7:0. 


NOTE: The value contained in this field is an address in display memory, not an offset 
from the beginning of the screen. If the value of Screen A Start is changed without 
a compensating change in the Text Cursor Location field, the text cursor moves on 
the screen. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 





NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.32 CRF: CRTC Text Cursor Location Low 


I/O Port Address: 3D5h 
Index: Fh 

Size (bits): 8 

Access Type: Read/write 


eu 
- 


Description 

Text Cursor Location [7] 
Text Cursor Location [6] 
Text Cursor Location [5] 
Text Cursor Location [4] 
Text Cursor Location [3] 
Text Cursor Location [2] 
Text Cursor Location [1] 
Text Cursor Location [0] 


O-NWBROON 


This register and register CRE specify the location in display memory where the text cursor is to 


be displayed. 

Bit Description 

7:0 Text Cursor Location [7:0]: This 16-bit field specifies the location in display mem- 
ory where the text cursor is to be displayed. This register contains bits 7:0 of this 
field. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.33 CR10: CRTC Vertical Sync Start 


I/O Port Address: 3D5h 
Index: 10h 

Size (bits): 8 

Access Type: Read/write 


oH 
-— 


Description 

Vertical Sync Start [7] 
Vertical Sync Start [6] 
Vertical Sync Start [5] 
Vertical Sync Start [4] 
Vertical Sync Start [3] 
Vertical Sync Start [2] 
Vertical Sync Start [1] 
Vertical Sync Start [0] 


O-NWBROON 


The Vertical Sync Start field specifies the scanline where the VSYNC pulse becomes active. This 
register contains the least-significant eight bits of that field. 


Bit Description 
7:0 Vertical Sync Start [7:0]: This register contains bits 7:0 of the Vertical Sync Start 


field. This register is extended by bits in register CR7. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.34 CR11: CRTC Vertical Sync End 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


= 
- 


O-NWBROON 


3D5h 

11h 

8 
Read/write 


Description 

Write Protect CR7—CRO 
Refresh Cycle Control 
Disable Vertical Interrupt 
Clear Vertical Interrupt 
Vertical Sync End [3] 
Vertical Sync End [2] 
Vertical Sync End [1] 
Vertical Sync End [0] 


This register specifies the scanline where the VSYNC pulse becomes inactive, thereby specifying 
the VSYNC pulse width. In addition, this register contains controls for the standard VGA interrupt 
and two miscellaneous control bits. 


Bit 
7 


Description 


Write Protect CR7-CRO: If this bit is ‘1’, registers CRO—CR7 cannot be written. 
Writes addressed to those registers are ignored. CR7[4] (Line Compare Extension 
bit) can always be written. If this bit is ‘0’, registers CRO—CR7 can be written nor- 
mally. 


Refresh Cycle Control: If this bit is ‘1’, four refresh cycles are executed for each 
scanline. If this bit is ‘0’, two refresh cycles are executed for each scanline. This dif- 
fers from the VGA definition, which specifies five and three refresh cycles. If 
CR18[3] is ‘1’, one refresh cycle is executed per scanline and this bit is ignored. 


Disable Vertical Interrupt: If this bit is ‘1’, the vertical interrupt is disabled. The 
INTR# pin never goes active. If this bit is ‘0’, the vertical interrupt is enabled and 
functions normally. See Chapter 9 for information regarding the video interrupts. 


Clear Vertical Interrupt: If this bit is ‘0’, the Interrupt Pending bit (FEAT[7]) clears 
to ‘0’ and the INTR# pin is forced inactive. Programming this bit to ‘1’ allows the next 
occurrence of the interrupt. This can be done immediately after programming it to 
‘0’. 
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4.34 CR11: CRTC Vertical Syne End (cont.) 


Bit Description 
3:0 Vertical Sync End [8:0]: This field determines the width of the VSYNC pulse. The 


four least-significant bits of the scanline counter are compared with the contents of 
this field. When a match occurs, the VSYNC pulse ends. Note the VSYNC pulse is 
limited to 15 scanlines. 

The value to be programmed into this register can be calculated by subtracting the 
desired Sync width from the value programmed into the Vertical Sync Start field. 
The Sync pulse must never extend past the Vertical Total. 

Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.35 CR12: CRTC Vertical Display End 


I/O Port Address: 3D5h 
Index: 12h 

Size (bits): 8 

Access Type: Read/write 


eu 
- 


Description 

Vertical Display End [7] 
Vertical Display End [6] 
Vertical Display End [5] 
Vertical Display End [4] 
Vertical Display End [3] 
Vertical Display End [2] 
Vertical Display End [1] 
Vertical Display End [0] 


O-NWBROON 


This register specifies the scanline where the display is to end. 
Bit Description 


7:0 Vertical Display End [7:0]: This register contains the least-significant eight bits of 
the Vertical Display End field. An additional bit is in register CR7. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.36 CR13: CRTC Offset (Pitch) 


I/O Port Address: 3D5h 
Index: 13h 

Size (bits): 8 

Access Type: Read/write 


wo 
-~ 


Description 
Offset [7] 
Offset [6] 
Offset [5] 
Offset [4] 
Offset [3] 
Offset [2] 
Offset [1] 
Offset [0] 


O-NWABROON 


This register specifies the distance in display memory between the beginnings of adjacent char- 
acter rows or scanlines. This is also referred to as display pitch. 


Bit Description 


7:0 Offset [7:0]: This register specifies the distance in display memory between the 
beginnings of adjacent character rows or scanlines. This field is extended to 10 bits 
with CR1B[6] and CR1B/4]. At the beginning of each scanline (except the first), the 
address that data is to be fetched from is calculated by adding the contents of this 
register to the beginning address of the previous scanline or character row. The off- 
set is left-shifted one or two bit positions depending on the state of CR17[6]. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 


November 1996 4-48 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual VGA CORE REGISTERS 


4.37 CR14: CRTC Underline Row Scanline 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


oo 
-~ 


O-NWBROON 


3D5h 

14h 

8 
Read/write 


Description 
Reserved 
DoubleWord Mode 
Count by Four 
Underline Scanline [4] 
Underline Scanline [3] 
Underline Scanline [2] 
Underline Scanline [1] 
Underline Scanline [0] 


This register specifies the scanline where the underline appears. This is for VGA text modes only. 


Bit 
7 


6 


4:0 


Description 
Reserved 


DoubleWord Mode: When this bit is ‘1’, dword addresses are forced. The CRTC 
memory address counter is rotated left two bit positions so that Display Memory 
Address bits 1 and 0 are sourced from CRTC Address Counter bits 13 and 12, 
respectively. When this bit is ‘0’, CR17[6] controls whether the device uses byte or 
word addresses. 


Count by Four: This bit must be ‘1’ when DoubleWord mode is enabled to clock 
the memory address counter with character clock divided by four. This bit must be 
‘0’ when DoubleWord mode is not enabled. 


Underline Scanline [4:0]: This field specifies the scanline within the character cell 
where the underline occurs. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.38 CR15: CRTC Vertical Blank Start 


I/O Port Address: 3D5h 
Index: 15h 

Size (bits): 8 

Access Type: Read/write 


eu 
-— 


Description 

Vertical Blank Start [7] 
Vertical Blank Start [6] 
Vertical Blank Start [5] 
Vertical Blank Start [4] 
Vertical Blank Start [3] 
Vertical Blank Start [2] 
Vertical Blank Start [1] 
Vertical Blank Start [0] 


O-NWBROON 


This register specifies the scanline where BLANK# becomes active. 
Bit Description 


7:0 Vertical Blank Start [7:0]: The Vertical Blank Start field specifies the scanline 
where Vertical Blank is to begin. The least-significant eight bits of that field are in 
this register. Overflow bits are in registers CR7 and CR9. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.39 CR16: CRTC Vertical Blank End 


I/O Port Address: 3D5h 
Index: 16h 

Size (bits): 8 

Access Type: Read/write 


eu 
- 


Description 

Vertical Blank End [7] 
Vertical Blank End [6] 
Vertical Blank End [5] 
Vertical Blank End [4] 
Vertical Blank End [3] 
Vertical Blank End [2] 
Vertical Blank End [1] 
Vertical Blank End [0] 


O-NWHROON 


The Vertical Blank End field specifies the scanline where Vertical Blank ends. 
Bit Description 
7:0 Vertical Blank End [7:0]: his register contains the low-order eight bits of the Ver- 


tical Blank End field. If CR1B[5] is ‘1’, this field is extended with CR1A[7:6]. 


The contents of the Vertical Blank End field are compared to the scanline counter 
to determine when to terminate Vertical Blank. This limits the duration of Vertical 
Blank to 255 scanlines if CR1B[5] is ‘0’ or 1023 scanlines if CR1B[5] is ‘1’. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.40 CR17: CRTC Mode Control 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


wo 
-~ 


O-NWABROON 


3D5h 

17h 

8 
Read/write 


Description 

Timing Enable 

Byte/Word Mode 

Address Wrap 

Reserved 

Count by Two 

Multiply Vertical Registers by Two 
Select Row-Scan Counter 
Compatibility Mode (CGA) Support 


This register contains a number of miscellaneous control bits. 


Bit 
7 


November 1996 


Description 


Timing Enable: If this bit is ‘1’, the CRTC timing logic is enabled and functions nor- 
mally. If this bit is ‘0’, the CRTC timing logic is disabled. 


Byte/Word Mode: If this bit is ‘1’, the contents of the CRTC address counter are 
sent to the display memory without being rotated. 


If this bit is ‘0’, the contents of the CRTC address counter are rotated left one bit 
position before being sent to the display memory. 


Address Wrap: If CR17[6] is ‘1’, this bit is ignored. If CR17[6] is ‘0’ and this bit is 
‘1’, then the left rotation described above involves 16 bits of the CRTC address 
counter. If CR17[6] is ‘0’ and this bit is ‘0’, then the left rotation described above 
involves 14 bits of the CRTC address counter. 


Reserved 


Count by Two: If this bit is ‘1’, the CL-GD5480 clocks the memory address counter 
with character clock divided by two. If this bit is ‘0’, then the CL-GD5480 clocks the 
memory address counter with character clock. 


Multiply Vertical Registers by Two: If this bit is ‘1’, the scanline counter is clocked 
with HSYNC divided by two. This allows the number of scanlines to be doubled to 
2048. Note that all periods are even multiples of two scanlines. If this bit is ‘0’, the 
scanline counter is clocked with HSYNC. 
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4.40 CR17: CRTC Mode Control (cont.) 


Bit Description 
1 Select Row-Scan Counter: If this bit is ‘0’>, Row-Scan Counter [1] is substituted for 


CRTC Address Counter [14]. This provides Hercules compatibility. 
NOTE: The Cirrus Logic BIOS does not support Hercules compatibility. 
If this bit is ‘1’, the substitution described above does not occur. 
0 Compatibility Mode (CGA) Support: If this bit is ‘0’, Row-Scan Counter [0] is sub- 
stituted for CRTC Address Counter [14]. This provides for CGA compatibility. 
If this bit is ‘1’, the substitution described above does not occur. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.41 CR18: CRTC Line Compare 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


eu 
-— 


O-NWBROON 


3D5h 

18h 

8 
Read/write 


Description 

Line Compare [7] 
Line Compare [6] 
Line Compare [5] 
Line Compare [4] 
Line Compare [3] 
Line Compare [2] 
Line Compare [1] 
Line Compare [0] 


This register specifies where Screen A terminates and Screen B begins. 


Bit 
7:0 


Description 


Line Compare [7:0]: This register contains the least-significant eight bits of the 
Line Compare field. This is extended with one bit each in registers CR7 and CR9. 
The Line Compare field can implement a vertically split screen. The top portion of 
the screen is Screen A and can begin anywhere in display memory. Screen A can 
be panned and scrolled on a pixel basis. The bottom portion of the screen is Screen 
B. Screen B always begins at location 0 in display memory and cannot be panned 
or scrolled. 


Refer to Figure 4-1 on page 4-24 and Table 4-2 on page 4-25 for a summary of 
CRTC Timing registers. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.42 CR22: Graphics Data Latches Readback (Read only) 


I/O Port Address: 3D5h 
Index: 22h 

Size (bits): 8 

Access Type: Read only 


w 
-~ 


Description 

Graphics Data Latch n Readback [7] 
Graphics Data Latch n Readback [6] 
Graphics Data Latch n Readback [5] 
Graphics Data Latch n Readback [4] 
Graphics Data Latch n Readback [8] 
Graphics Data Latch n Readback [2] 
Graphics Data Latch n Readback [1] 
Graphics Data Latch n Readback [0] 


O-NWBROON 


This register address reads the four graphics controller data latches. 


Bit Description 
7:0 Graphics Data Latch n Readback [7:0]: This read-only register can read back 


one of the four graphics controller data latches. The latch is selected with GR4[1:0]. 
These latches are loaded whenever display memory is read by the CPU. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.43 CR24: Attribute Controller Toggle Readback (Read only) 
I/O Port Address: 3D5h 


Index: 24h 

Size (bits): 8 

Access Type: Read only 

Bit Description 

7 Attribute Controller Toggle 
6:0 Reserved 


This read-only register provides access to the attribute controller toggle. 


Bit Description 
7 Attribute Controller Toggle: If this bit is ‘1’, the attribute controller reads or writes 


a data value on the next access. If this bit is ‘0’, the attribute controller reads or 
writes an index value on the next access. Reading the STAT register forces the tog- 
gle to ‘0’. 


6:0 Reserved 





NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.44 CR26: Attribute Controller Index Readback (Read only) 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:6 


OoO-NW AH 


3D5h 

26h 

8 

Read only 


Description 

Reserved 

Display Enable 

Attribute Controller Index [4] 
Attribute Controller Index [3] 
Attribute Controller Index [2] 
Attribute Controller Index [1] 
Attribute Controller Index [0] 


This read-only register provides access to the current attribute controller index. 


Bit 
7:6 
5 


4:0 


Description 
Reserved 


Display Enable: This bit follows the Display Enable bit in the Attribute Controller 
Index register (this bit is a read-only copy of ARX[5]). 


Attribute Controller Index [4:0]: This field follows the index in the Attribute Con- 
troller Index register (this bit is a read-only copy of ARX[4:0]). 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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4.45 GRX: Graphics Controller Index 
I/O Port Address: 3CEh 


Index: - 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:6 Reserved 

5 Graphics Controller Index [5] 
4 Graphics Controller Index [4] 
3 Graphics Controller Index [8] 
2 Graphics Controller Index [2] 
1 Graphics Controller Index [1] 
0 Graphics Controller Index [0] 


This register specifies the register in the VGA Graphics Controller group or the Extension register 
accessed by the next I/O read or I/O write to address 3CFh. 


Bit Description 
7:6 Reserved 
5:0 Graphics Controller Index [5:0]: This field specifies the register in the VGA 


Graphics Controller group or the Extension register accessed by the next I/O read 
or I/O write to address 3CFh. 
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4.46 GRO: Graphics Controller Set/Reset / Background Color Byte 0 
I/O Port Address: 3CFh 


Index: 00h 

MMI/O Offset: 100h 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:4 Reserved 

3 Set/Reset Plane 3 
2 Set/Reset Plane 2 
1 Set/Reset Plane 1 
0 Set/Reset Plane 0 


This register specifies the values to be written into the respective display memory planes when 
the processor executes a Write mode 0 or Write mode 3 operation. This register (all eight bits) also 
contains background color byte 0 used for color expansion. This register is accessible at MMI/O 
offset 100h. 


Bit Description 
7:4 Reserved 
3:0 Set/Reset Plane [3:0]: These bits control the values written into the respective dis- 


play memory planes for Write Modes 0 and 3. Refer to the description of register 
GR5 on page 4-64 for an overview of the Write modes. 
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4.47 GR1: Graphics Controller Set/Reset Enable / Foreground Color Byte 0 


I/O Port Address: 
Index: 

MMI/O Offset: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 


2 
1 
0 


3CFh 

O1h 

104h 

8 
Read/write 


Description 
Reserved 

Enable SR Plane 3 
Enable SR Plane 2 
Enable SR Plane 1 
Enable SR Plane 0 


This register and register GRO determine the values to be written into the respective display mem- 
ory planes when Write mode 0 is selected. This register (all eight bits) also contains the foreground 
color byte 0 used for color expansion. This register is accessible at MMI/O offset 104h. 


Bit 
7:4 


3:0 


Description 
Reserved 


Enable SR Plane [3:0]: If a bit in this field is ‘1’, the corresponding value in register 
GRO is written into the corresponding display memory plane. If a bit in this field is 
‘0’, the corresponding value from the CPU Data bus is written into the correspond- 
ing display memory plane. Refer to the description of register GR5 on page 4-64 
for an overview of the Write modes. 
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4.48 GR2: Graphics Controller Color Compare 
I/O Port Address: 3CFh 


Index: 02h 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:4 Reserved 

3 Color Compare Plane [3] 
2 Color Compare Plane [2] 
1 Color Compare Plane [1] 
0 Color Compare Plane [0] 


This register specifies the color compare value for Read mode 1. 


Bit Description 
7:4 Reserved 
3:0 Color Compare Plane [3:0]: When a Read mode 1 occurs, these four bits are 


compared with each of the eight bits from the corresponding display memory 
planes under the mask in register GR7 on page 4-67. Refer to the description of 
register GR5 on page 4-64 for an overview of the Read modes. 
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4.49 GR3: Graphics Controller Data Rotate 


I/O Port Address: 


Index 
Size (bits): 
Access Type 


Bit 
7:5 
4 


3 
2 
1 
0 


3CFh 

03h 

8 
Read/write 


Description 
Reserved 
Function Select [1] 
Function Select [0] 
Rotate Count [2] 
Rotate Count [1] 
Rotate Count [0] 


This register contains two fields that are used with Write modes 0 and 3. 


Bit 
7:5 


4:3 


2:0 


Description 


Reserved 


Function Select [1:0]: This field controls the operation that occurs between the 
data in the latches and the data from the CPU or Set/Reset logic. The result of this 
operation is written into display memory. This field is for Write mode 0 only. The 
operations are summarized in the following table: 











GR3[4] GR3[3] Operation 
0 0 None: The data in the latches are ignored 
0 1 Logical ‘AND’ 
1 0 Logical ‘OR’ 
1 1 Logical ‘XOR’ 

















Rotate Count [2:0]: This field allows data from the CPU bus to be rotated by as 
many as seven bit positions prior to being altered by the Set/Reset logic. Refer to 
the description of register GR5 on page 4-64 for an overview of the Write modes. 
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4.50 GR4: Graphics Controller Read Map Select 
I/O Port Address: 3CFh 


Index: 04h 

Size (bits): 8 

Access Type: Read/write 

Bit Description 
7:2 Reserved 

1 Plane Select [1] 
0 Plane Select [0] 


This register specifies the display memory plane for Read mode 0. 


Bit Description 
7:2 Reserved 
1:0 Plane Select [1:0]: This field specifies the display memory plane for Read mode 


0. The values are shown in the following table: 











GR4[1] GR4[0] Plane Selected 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
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4.51 GR5: Graphics Controller Mode 


I/O Port Address: 3CFh 
Index: 05h 

Size (bits): 8 

Access Type: Read/write 


wo 
-~ 


Description 
Reserved 
256-color Mode 
Shift Register Mode 
Odd/Even 

Read Mode 
Reserved 

Write Mode [1] 
Write Mode [0] 


O-NWABROON 


This register specifies the Read and Write modes and controls the configuration of the Data Shift 


registers. 

Bit Description 

i Reserved 

6 256-color Mode: If this bit is ‘1’, the display shift registers are configured for 256- 
color display modes; GR5[5] is ignored. If this bit is ‘0’, the Display Shift registers 
are configured for 16-, 4-, or 2-color modes. 

5 Shift Register Mode: If this bit is ‘1’, the display Shift registers are configured for 
CGA compatibility. This is for Display modes 4 and 5. If this bit is ‘0’, the Display 
Shift registers are configured for EGA compatibility. 

4 Odd/Even: If this bit is ‘1’, the graphics controller is configured for Odd/Even 


Addressing mode. This bit should always be the opposite value as set in SR4[2]. 
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4.51 GR5: Graphics Controller Mode (cont.) 


Bit 
3 


1:0 


Description 


Read Mode: This bit specifies whether the device is in Read mode 0 or Read mode 
i 


Read Mode 0: If this bit is ‘0’, the CPU reads data directly from display memory. 
Each read returns eight adjacent bits of the display memory plane specified in 
GR4[1:0]. The color-match logic is not used in Read mode 0. Note that an I/O read 
of register CR22 forces a Read mode 0 for that operation. 


Read Mode 1: If this bit is ‘1’, the CPU reads the results of the color compare logic. 
Read mode 1 allows eight adjacent pixels (in 16-color modes) to be compared to 
a specified color value in a single operation. Each of the eight bits returned to the 
processor indicates the result of a compare between the four bits of the Color Com- 
pare field (GR2[38:0]) and the bits from the four display memory planes. If the four 
bits of the Color Compare field match the four bits from the display memory planes, 
a‘1’is returned for the corresponding bit position. If any bits in the Color Don’t Care 
field (GR7[3:0]) are ‘0’, the corresponding plane comparison is forced to match. 


Reserved: Must be programmed to ‘0’. 


Write Mode [1:0]: These two bits specify the Write mode. 


Write Mode 0: Each of the four display memory planes is written with the CPU data 
rotated by the number of counts in GR3[2:0]. If a bit in GR1[3:0] is ‘1’, the corre- 
sponding plane is written with the contents of the corresponding bit in GRO[3:0]. If 
SR7[0] is ‘1’, CPU data is written regardless of the contents of GR1[3:0]. The con- 
tents of the data latches can be combined with the data from the Set/Reset logic 
under control of GR3[4:3]. Bit planes are enabled with SR2[3:0]; bit positions are 
enabled with register GR8. 


Write Mode 1: Each of the four display memory planes is written with the data in 
the data latches. The data latches must be previously loaded from display memory 
with a previous read. Register GR8 is ignored in Write Mode 1. Write Mode 1 can- 
not be used when the CL-GD5480 is configured for Packed-pixel display modes. 


Write Mode 2: Display memory planes 3:0 are written with the values of Data bits 
3:0, respectively. The four bits are replicated eight times each to write up to eight 
adjacent pixels. Bit planes are enabled with SR2[3:0]; bit positions are enabled with 
register GR8. The data rotator, Set/Reset logic, and Function Select fields are 
ignored in Write mode 2. Write mode 2 cannot be used when the CL-GD5480 is 
configured for Packed-pixel display modes. 


Write Mode 3: The data for each display memory plane comes from the corre- 
sponding bit of GRO[3:0]. The bit-position-enable field is formed with the logical 
AND of register GR8 and the rotated CPU data. The Set/Reset and Function Select 
fields are ignored in Write mode 3. Write mode 3 cannot be used when the 
CL-GD5480 is configured for Packed-pixel display modes. 
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4.52 GR6: Graphics Controller Miscellaneous 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 


2 
1 
0 


3CFh 

06h 

8 
Read/write 


Description 

Reserved 

Memory Map [1] 
Memory Map [0] 

Chain Odd Maps to Even 
Graphics Mode 


This register contains miscellaneous control bits. 


Bit 
7:4 


3:2 


Description 


Reserved 


Memory Map [1:0]: This field specifies the beginning address and size of the dis- 
play memory in the host address space. This is summarized in the following table: 














GR6[3] | GR6[2] aa age Length | Mode(s) 
0 0 0 A000:0 128K Extended 
0 1 1 A000:0 64K EGA/VGA 
1 0 2 BO00:0 32K Hercules™ 
1 1 3 B800:0 32K CGA 


























Chain Odd Maps to Even: When this bit is ‘1’, CPU address bit 0 is replaced with 
a most-significant address bit. This causes even host addresses to access Planes 
0 and 2, and odd host addresses to access Planes 1 and 3. This mode is useful for 
MDA emulation. This bit also modifies the meaning of SR7[0]. 


Graphics Mode: If this bit is ‘1’, the CL-GD5480 functions in APA (VGA Graphics) 
modes. If it is ‘0’, the device functions in AN (VGA Text) modes. 
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4.53 GR7: Graphics Controller Color Don’t Care 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 


2 
1 
0 


3CFh 

07h 

8 
Read/write 


Description 

Reserved 

Color Don’t Care Plane [3] 
Color Don’t Care Plane [2] 
Color Don’t Care Plane [1] 
Color Don’t Care Plane [0] 


This register and register GR2 are for Read mode 1 accesses. 


Bit 
7:4 


3:0 


Description 


Reserved 


Color Don’t Care Plane [3:0]: These four bits control whether the four planes are 
involved in color compares. If a bit is ‘1’, the corresponding plane is involved; if a 
bit is ‘0’, the corresponding plane is not involved. Refer to the description of register 
GR5 for an overview of the Read modes. 
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4.54 GR8: Graphics Controller Bit Mask 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


wo 
-~ 


O-NWABROON 


3CFh 

08h 

8 
Read/write 


Description 

Write Enable [7] 
Write Enable [6] 
Write Enable [5] 
Write Enable [4] 
Write Enable [3] 
Write Enable [2] 
Write Enable [1] 
Write Enable [0] 


This register controls writes to display memory on a bit basis in Write Modes 0, 2, and 3. 


Bit 
7:0 


Description 


Write Enable [7:0]: Each bit in this register controls whether the corresponding bit 
in display memory is written in Write Modes 0, 2, and 3. If a bit in this field is ‘1’, the 
corresponding bit in display memory is written. If a bit is ‘0’, the corresponding bit 
in display memory is not written. This write protection is orthogonal to that provided 
by register SR2. 
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4.55 ARX: Attribute Controller Index 
I/O Port Address: 3COh/38C1h 


Index: i 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

r6 Reserved 

5 Display Enable 

4 Attribute Controller Index [4] 
3 Attribute Controller Index [3] 
2 Attribute Controller Index [2] 
1 Attribute Controller Index [1] 
0 Attribute Controller Index [0] 


This register specifies the register in the Attribute Controller block accessed with the next I/O read 
or I/O write to 3C1 or 3CO0, respectively. Note that the same port addresses are used for the index 
and data for the Attribute Controller block, unlike the other blocks where the Index and Data reg- 
isters are at different addresses. Alternate writes toggle between index and data. It is possible to 
read the toggle at register CR24, and the index value at register CR26. See Section 9.2 in 
Chapter 9 for information about the mechanics of accessing the Attribute Controller registers. 


Bit Description 

7:6 Reserved 

5 Display Enable: When this bit is ‘0’", the screen displays the color indicated by the 
Overscan register (AR11). When this bit is ‘1’, normal graphics and video are dis- 
played. 

4:0 Attribute Controller Index [4:0]: This field is the index into the Data registers in 


the Attribute Controller block. 
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4.56 ARO-ARF: Attribute Controller Palette 
I/O Port Address: 3COh/38C1h 


Index: OOh-OFh 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:6 Reserved 

5 Secondary Red 

4 Secondary Green/Intensity 
3 Secondary Blue/Monochrome 
2 Red 

1 Green 

0 Blue 


In 16-color Text and Graphics modes, these digital palette entries are selected by the four bits of 
pixel data, and point to VGA palette entries. The VGA palette entries are programmed so that the 
DAC outputs reflect these values. That is, VGA palette simulates standard EGA colors. 


Bit Description 
7:6 Reserved 
5:0 Palette Entries 
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4.57 AR10: Attribute Controller Mode 


I/O Port Address: 


Index: 
Size (bits): 
Access Type: 


oo 
-~ 


O-NWBROON 


3C0h/3C1h 
10h 

8 
Read/write 


Description 

AR14 Graphics Source Enable 
Pixel Double Clock Select 
Pixel Panning Compatibility 
Reserved 

Blink Enable 

Line Graphics Enable 

Display Type 

Graphics Mode 


This register contains miscellaneous control bits for the attribute controller. 


Bit 
7 


Description 


AR14 Graphics Source Enable: If this bit is ‘1’, AR14[1:0] are the source for the 
Look-up Table Address bits [5:4]. This allows the rapid selection of four 16-color 
palettes. This bit is ignored for deeper color modes. If this bit is ‘0’, the Palette reg- 
isters ARO—ARF[5:4] are the source for the Lookup Table Address bits [5:4]. 


Pixel Double Clock Select: If this bit is ‘1’, pixels are clocked every other clock 
cycle and the Palette registers, ARO—ARF, are bypassed. This is used with mode 
13. The sequencer logic operates at twice the pixel rate. If this bit is ‘0’, pixels are 
clocked every cycle. 


Pixel Panning Compatibility: If this bit is ‘1’, a line compare match in the CRTC 
forces the output of the Pixel Panning register to ‘0’, until the next VSYNC occurs. 
This allows the panning of Screen A without Screen B. If this bit is ‘0’, the two parts 
of a split screen pan together. 


Reserved 


Blink Enable: If this bit is ‘1’, character blinking is enabled at the vertical refresh 
frequency divided by 32. If this bit is ‘0’, character blinking is disabled. 


Line Graphics Enable: If this bit is ‘1’, the ninth bit of a nine-bit-wide character cell 
is made the same as the eighth bit for character codes in the range CO—DF. If this 
bit is ‘0’, the ninth bit of a 9-bit-wide character cell is the same as the background. 
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4.57 AR10: Attribute Controller Mode (cont) 


Bit Description 


CL-GD5480 Technical Reference Manual 


1 Display Type: This bit is useful only if the CL-GD5480 is in AN mode. If this bit is 
‘1’, the contents of the attribute byte are considered MDA-compatible attributes. 
The following table shows examples of the monochrome attributes. 






































Blink | Background | Intensity Foreground Hex Attribute 
Bit 7 Bit [6:4] Bit 3 Bit [2:0] Code 
0 0 0 7 07 Normal 
0 0 1 7 OF Intense 
0 0 0 1 01 Underline 
Underline 
: : } : 09 Intense 
0 7 0 0 70 Reverse 
Blinking 
} f 0 0 FO Reverse 








If this bit is ‘0’, the contents of the attribute byte are considered color attributes. 


0 Graphics Mode: If this bit is ‘1’, the attribute controller functions in APA (Graphics) 
mode. If this bit is ‘0’, the attribute controller functions in AN (Alphanumeric) modes. 
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4.58 AR11: Overscan (Border) Color 
I/O Port Address: 3CO0h/3C1h 


Index: 1th 

Size (bits): 8 

Access Type: Read/write 

Bit Description 
7:6 Reserved 

5 Secondary Red 
4 Secondary Green 
3 Secondary Blue 
2 Red 

1 Green 

0 Blue 


This register points to the entry in the LUT that defines the border color. Typically, LUT entries are 
programmed so that the as color defined, is the color that actually results. The border is defined 
as that portion of the raster between blanking and active display, on all four sides. Refer to 
Figure 4-1 on page 4-24. 


Bit Description 
7:6 Reserved 
5:0 Border Color [5:0]: Either four or six of these bits select the LUT entry for the bor- 


der color in CGA and EGA modes. 
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4.59 AR12: Color Plane Enable 


I/O Port Address: 
Index: 

Size (bits): 
Access Type: 


Bit 
7:6 


oOo-NW AU 


3C0h/3C1h 


12h 
8 


Read/write 


Description 


Reserved 


Video Status Mux [1] 
Video Status Mux [0] 
Enable Color Plane [8] 
Enable Color Plane [2] 
Enable Color Plane [1] 
Enable Color Plane [0] 


CL-GD5480 Technical Reference Manual 


This register contains a field that enables the four planes into the Attribute Controller Palette reg- 
isters. It also contains a field that selects the inputs for Diagnostic bits in STAT[5:4]. 


Bit 
7:6 


5:4 


3:0 


Description 


Reserved 


Video Status Mux [1:0]: This field selects the inputs for the Diagnostic bits in 
STAT[5:4] as indicated in the following table: 























AR12[5] AR12[4] STAT[5] STAT[4] 
0 0 P[2] P[0] 
0 1 P[5] P[4] 
1 0 P[3] Pit] 
1 1 P[7] P[6] 











Enable Color Plane [3:0]: If any bit in this field is ‘1’, the data from the correspond- 
ing display memory plane is enabled in the selection in the Attribute Controller Pal- 
ette register. If any bit in this field is ‘0’, the data from the corresponding display 
memory plane is forced to ‘0’ in the selection in the Attribute Controller Palette reg- 


ister. 
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4.60 AR13: Pixel Panning 
I/O Port Address: 3CO0h/3C1h 


Index: 13h 

Size (bits): 8 

Access Type: Read/write 

Bit Description 

7:4 Reserved 

3 Pixel Panning [8] 
2 Pixel Panning [2] 
1 Pixel Panning [1] 
0 Pixel Panning [0] 


This register specifies the number of pixels the display data is shifted left. This field functions both 
in the APA (Graphics) and AN (Alphanumeric) modes. 




















Bit Description 
7:4 Reserved 
3:0 Pixel Panning [3:0]: This field specifies the number of pixels the display data is 
shifted left. This field is interpreted as indicated in the following table: 
mete (e 0] Chace’ dese meee ts 
0 1 bit left None None 
1 2 bits left 1 bit left None 
2 3 bits left 2 bits left 1 bit left 
3 4 bits left 3 bits left 1 bit left 
4 5 bits left 4 bits left 2 bits left 
5 6 bits left 5 bits left 2 bits left 
6 7 bits left 6 bits left 3 bits left 
7 8 bits left 7 bits left 3 bits left 
8—F No shift 1 bit right 3 bits left 
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4.61 AR14: Color Select 


1/O Port Address: 


Index: 
Size (bits): 
Access Type: 


Bit 
7:4 
3 


2 
1 
0 


3C0h/3C1h 
14h 

8 
Read/write 


Description 
Reserved 
Color Bit C [7] 
Color Bit C [6] 
Color Bit C [5] 
Color Bit C [4] 


This register contains two fields involved in the selection of addresses into the LUT. 


Bit 
7:4 


3:2 


1:0 


Description 
Reserved 


Color Bits C [7:6]: These two bits are concatenated with six bits from the Attribute 
Controller Palette register to form the address into the LUT and to drive P[7:6]. 
These bit are ignored in 8-, 16-, and 24-bit Pixel modes. 


Color Bits C [5:4]: If AR10[7] is ‘1’, these two bits replace the corresponding two 
bits from the Attribute Controller Palette register to form the address into the LUT 
and to drive P[7:6]. If AR10[7] is ‘0’, these two bits are ignored. These bits are 
ignored in 8-, 16-, 24-, and 32-bit Pixel modes. 
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5. BITBLT EXTENSION REGISTERS 
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The CL-GD5480 BitBLT Extension registers are summarized in Table 5-1. 













































































Table 5-1. BitBLT Extension Registers Quick Reference 

Abbreviation | Register Name Port | Index | MMI/O | Page 
GRO Graphics Controller Background Color Byte 0 3CFh 00h 100h 4-59 
GR1 Graphics Controller Foreground Color Byte 0 3CFh Oth 104h 4-60 
GR10 Color Expansion Background Color Byte 1 3CFh 10h 10th 5-4 
GR11 Color Expansion Foreground Color Byte 1 3CFh 1ih 105h 5-4 
GR12 Color Expansion Background Color Byte 2 3CFh 12h 102h 5-4 
GR13 Color Expansion Foreground Color Byte 2 3CFh 13h 106h 5-4 
GR14 Color Expansion Background Color Byte 3 3CFh 14h 103h 5-4 
GR15 Color Expansion Foreground Color Byte 3 3CFh 15h 107h 5-4 
GR20 BLT Width Byte 0 3CFh 20h 108h 5-5 
GR21 BLT Width Byte 1 3CFh 21h 109h 5-5 
GR22 BLT Height Byte 0 3CFh 22h 10Ah 5-6 
GR23 BLT Height Byte 1 3CFh 23h 10Bh 5-6 
GR24 BLT Destination Pitch Byte 0 3CFh 24h 10Ch 5-7 
GR25 BLT Destination Pitch Byte 1 3CFh 25h 10Dh 5-7 
GR26 BLT Source Pitch Byte 0 3CFh 26h 10Eh 5-8 
GR27 BLT Source Pitch Byte 1 3CFh 27h 10Fh 5-8 
GR28 BLT Destination Start Byte 0 3CFh 28h 110h 5-9 
GR29g BLT Destination Start Byte 1 3CFh 29h 111h 5-9 
GR2A BLT Destination Start Byte 2 3CFh 2Ah 112h 5-9 
GR2B BLT Command List Offset 3CFh 2Bh 113h 5-10 
GR2C BLT Source Start Byte 0 3CFh 2Ch 114h 5-11 
GR2D BLT Source Start Byte 1 3CFh 2Dh 115h 5-11 
GR2E BLT Source Start Byte 2 3CFh 2Eh 116h 5-11 
GR2F BLT Destination Left-Side Clipping 3CFh 2Fh 117h 5-12 
GR30 BLT Mode 3CFh 30h 118h 5-13 
GR31 BLT Start/Status 3CFh 3th 140h 5-16 
GR32 BLT ROP (Raster Operation) 3CFh 32h 11Ah 5-18 
GR33 BLT Mode Extensions 3CFh 33h 11Bh 5-20 
GR34 Transparent BLT Key Color Byte 0 3CFh 34h 11Ch 5-22 
GR35 Transparent BLT Key Color Byte 1 3CFh 35h 11Dh 5-22 
GR40 BLT Destination X-Position Byte 0 3CFh 40h 128h 20 
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Table 5-1. BitBLT Extension Registers Quick Reference (cont.) 






































Abbreviation | Register Name Port Index | MMI/O | Page 
GR41 BLT Destination X-Position Byte 1 3CFh 4th 129h 5-23 
GR42 BLT Destination Y-Position Byte 0 3CFh 42h 12Ah 5-24 
GR43 BLT Destination Y-Position Byte 1 3CFh 43h 12Bh 5-24 
GR44 BLT Source X-Position Byte 0 3CFh 44h 12Ch 5-25 
GR45 BLT Source X-Position Byte 1 3CFh 45h 12Dh 5-25 
GR46 BLT Source Y-Position Byte 0 3CFh 46h 12Eh 5-26 
GR47 BLT Source Y-Position Byte 1 3CFh 47h 12Fh 5-26 
GR48 BLT Clip Rectangle X-Start Byte 0 3CFh 48h 130h 5-27 
GR49 BLT Clip Rectangle X-Start Byte 1 3CFh 49h 13th 5-27 
GR4A BLT Clip Rectangle Y-Start Byte 0 3CFh 4Ah 132h 5-28 
GR4B BLT Clip Rectangle Y-Start Byte 1 3CFh 4Bh 133h 5-28 
GR4C BLT Clip Rectangle X-End Byte 0 3CFh 4Ch 134h 5-29 
GR4D BLT Clip Rectangle X-End Byte 1 3CFh 4Dh 135h 5-29 
GR4E BLT Clip Rectangle Y-End Byte 0 3CFh 4Eh 136h 5-30 
GR4F BLT Clip Rectangle Y-End Byte 1 3CFh 4Fh 137h 5-30 
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GR10-GR15: Color Expansion Foreground/Background Colors 


I/O Port Address: 


Index: 
MM/IO Offset: 


wo 
-— 


O-NWHRUION 


3CFh 
10h-15h 
101h—103h, 105h—-107h 


Description 
Color [7] 
Color [6] 
Color [5] 
Color [4] 
Color [3] 
Color [2] 
Color [1] 
Color [0] 


These six registers, along with GRO and GR1 (Chapter 4), contain the foreground and background 
colors for color expansion. Refer to Chapter 9, “Programming Notes”, for detailed information 
about BitBLTs with color expansion. 


Bit 
7:0 


Description 


Color [7:0]: These six registers, and registers GRO and GR1, contain the fore- 
ground and background colors used for color expansion and solid fill. The following 
table shows how each register is used for the four possible expansion widths. A 
dash (‘—’) indicates that register is not used for that expansion width. The table also 
gives the MMI/O offset for each register. 





Expansion Width 








MMI/O 


Register 


8-bpp 


16-bpp 





Background 











24-bpp 


32-bpp 




















GRO 100 Background color low byte Background Blue 
24-bpp 
Background color 
GR10 101 - high byte expansion Background Green 
must use 
GR12 102 - - transparency Background Red 
— - Background Alpha 
Foreground Foreground 
Foreground color low byte Blue Foreground Blue 
_ Foreground Foreground 
high byte Groen Foreground Green 
_ Foreground 
- Red Foreground Red 




















Foreground Alpha 
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5.2 GR20-GR21: BLT Width Byte 0, 1 


I/O Port Address: 3CFh 
Index: 20h, 21h 
MM/lO Offset: 108h, 109h 


eu 
-~ 


Description 

BLT Width [7] 

BLT Width [6] 

BLT Width [5] 

BLT Width [4] / [12] 
BLT Width [3] / [11] 
BLT Width [2] / [10] 
BLT Width [1] / [9] 
BLT Width [0] / [8] 


O-NWHRUOON 


This register pair contains the 13-bit value specifying the width — 1 of the areas involved ina 
BitBLT; a 13-bit value allows BitBLT widths of up to 8192 bytes or 2048 pixels. Refer to 
Section 9.5 on page 9-15. If X-Y positioning is disabled this value is bytes and the maximum 
value is 8191. If X-Y positioning is enabled, this value is display pixels independent of the color 
depth; the maximum value in pixels is 2047. 


Bit Description 


12:0 BLT Width [12:0]: Bits 12:8 are in register GR21; bits 7:0 are in register GR20. 
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5.3. GR22-GR23: BLT Height Byte 0, 1 


I/O Port Address: 3CFh 
Index: 22h, 23h 
MM/lO Offset: 10Ah,10Bh 


oe 
-~— 


Description 

BLT Height [7] 

BLT Height [6] 

BLT Height [5] 

BLT Height [4] 

BLT Height [3] 

BLT Height [2] /[10] 
BLT Height [1] / [9] 
BLT Height [0] / [8] 


O-NWHRUOON 


This register pair contains the 11-bit value specifying height-1, in scanlines, of the areas 
involved in a BitBLT; an 11-bit field allows BitBLT heights of up to 2048 scanlines. The height 
is specified in terms of scanlines regardless of whether X-Y positioning is being used. 


Bit Description 
12:0 BLT Height [10:0]: Bits 10:8 are in register GR23; bits 7:0 are in register 
GR22. 
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5.4 GR24—-GR25: BLT Destination Pitch Byte 0, 1 


I/O Port Address: 3CFh 
Index: 24h, 25h 
MM/lO Offset: 10Ch, 10Dh 


2 
- 


Description 

BLT Destination Pitch [7] 

BLT Destination Pitch [6] 

BLT Destination Pitch [5] 

BLT Destination Pitch [4] / [12] 
BLT Destination Pitch [8] / [11] 
BLT Destination Pitch [2] / [10] 
BLT Destination Pitch [1] / [9] 
BLT Destination Pitch [0] / [8] 


O-NWHRUOON 


This register pair contains the 13-bit value specifying the pitch (that is, the scanline-to-scanline 
byte address offset) of the destination area involved in a BitBLT. The pitch is always specified 
in terms of bytes. 


Bit Description 
12:0 BLT Destination Pitch [12:0]: Bits 12:8 are in register GR25; bits 7:0 are in 
register GR24. 
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5.5 GR26-—GR27: BLT Source Pitch Byte 0, 1 


I/O Port Address: 3CFh 
Index: 26h, 27h 
MM/lO Offset: 10Eh, 10Fh 


oe 
-~— 


Description 

BLT Source Pitch [7] 

BLT Source Pitch [6] 

BLT Source Pitch [5] 

BLT Source Pitch [4] / [12] 
BLT Source Pitch [3] / [11] 
BLT Source Pitch [2] / [10] 
BLT Source Pitch [1] / [9] 
BLT Source Pitch [0] / [8] 


O-NWHRUOON 


This register pair contains the 13-bit value specifying the pitch (that is, the scanline-to-scanline 
byte address offset) of the source area involved in a BitBLT. The pitch is always specified in 
terms of bytes. 


Bit Description 
12:0 BLT Source Pitch [12:0]: Bits 12:8 are in register GR27; bits 7:0 are in register 
GR26. 
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5.6 GR28—-GR2A: BLT Destination Start Byte 0, 1, 2 


I/O Port Address: 3CFh 
Index: 28h, 29h, 2Ah 
MM/IO Offset: 110h, 111h, 112h 


eu 
-~ 


Description 

BLT Destination Start [7] / [15] / BLT Command List Offset [9] 
BLT Destination Start [6] / [14] / BLT Command List Offset [8] 
BLT Destination Start [5] / [13] / [21] 

BLT Destination Start [4] / [12] / [20] 

BLT Destination Start [3] / [11] /[19] 

BLT Destination Start [2] / [10] / [18] 

BLT Destination Start [1] / [9] / [17] 

BLT Destination Start [0] / [8] / [16] 


O-NWHRUOON 


This register triplet contains the 22-bit value specifying the byte address of the beginning des- 
tination pixel for a BitBLT; a 22-bit value allows an address of up to 4 Mbytes. If X-Y positioning 
is enabled, this value is added to the value calculated from the contents of GR40—GR43. 


Bit Description 


21:0 BLT Destination Start [21:0]: Bits 21:16 are in register GR2A; bits 15:8 are in 
register GR29, and bits 7:0 are in register GR28. 


GR2A|7:6] are used as bits [9:8] of the BLT Command List Offset. See 
Section 5.7 on page 5-10. 
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5.7  GR2B: BLT Command List Offset 
I/O Port Address: 3CFh 


Index: 2Bh 

MM/IO Offset: 113h 

Bit Description 

7 BLT Command List Offset [17] 
6 BLT Command List Offset [16] 
5 BLT Command List Offset [15] 
4 BLT Command List Offset [14] 
3 BLT Command List Offset [13] 
2 BLT Command List Offset [12] 
1 BLT Command List Offset [11] 
0 BLT Command List Offset [10] 


This register contains bits [17:10] of the BLT Command List Offset. Bits [9:8] are in GR2A[7:6]. 
The BitBLT command list function is enabled by programming GR33[7] to ‘1’. 


Bit Description 
7:0 BLT Command List Offset [7:0]: The following table shows all 22 bits in this 


address. The BitBLT command list is described in detail in Chapter 9. 

















Bits Source 
21:18 Ones Top 256K of installed frame buffer. 
17:10 GR2B[7:0] | - 

9:8 GR2A(7:6] | - 
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5.8 GR2C-GR2E: BLT Source Start Byte 0, 1, 2 


I/O Port Address: 3CFh 
Index: 2Ch, 2Dh, 2Eh 
MM/IO Offset: 114h, 115h, 116h 


eu 
-~ 


Description 

BLT Source Start [7] / [15] 

BLT Source Start [6] / [14] 

BLT Source Start [5] / [13] / [21] 
BLT Source Start [4] / [12] / [20] 
BLT Source Start [3] / [11] / [19] 
BLT Source Start [2] / [10] / [18] 
BLT Source Start [1] / [9] / [17] 
BLT Source Start [0] / [8] / [16] 


O-NWHRUOON 


This register triplet contains the 22-bit value specifying the byte address of the beginning source 
pixel for a BitBLT; a 22-bit value allows an address of up to 4 Mbytes. If X-Y positioning is enabled, 
this value is added to the value calculated from the contents of GR44-GR47. 


Bit Description 
21:0 BLT Source Start [21:0]: Bits 21:16 are in GR2E, bits 15:8 are in register GR2D, 


and bits 7:0 are in register GR2C. When a pattern copy BitBLT is programmed, the 
low-order bits of register GR2C specify the offset into the pattern. See 
Section 9.5.8 on page 9-27. 
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5.9 GR2F: BLT Destination Left-Side Clipping 


I/O Port Address: 


Index: 
MM/IO Offset: 


oe 
-~— 


O-NWHRUOON 


3CFh 
2Fh 
117h 


Description 

Reserved 

System-to-Screen Dword Pointer [1] 
System-to-Screen Dword Pointer [0] 
Packed-24 Write Mask [1] 
Packed-24 Write Mask [0] 
Destination Write Mask [2] 
Destination Write Mask [1] 
Destination Write Mask [0] 


This register contains a 3-bit field that suppresses writing to the first n pixels (or bytes) of color- 
expanded data to an aligned destination area. This supports color expansion with left-edge 
clipping. This register also contains a 2-bit field that specifies the byte alignment of the first 
byte for each scanline. 


For Packed-24 modes only, this register contains a 2-bit field that expands the write mask to 


5 bits. 


When X-Y clipping is used, this register must be programmed to ‘0’. 


Bit 


7 


6:5 


4:3 


2:0 


Description 
Reserved 


System-to-Screen Dword Pointer [1:0]: This 2-bit field specifies the position 
of the first byte within the first dword of each destination scanline. This allows 
data that is unaligned in system memory to be transferred without the overhead 
of unaligned bus cycles. If this field is programmed to a non-zero value for a 
color-expand BitBLT, GR33[0] must be programmed to ‘1’. 


Packed-24 Write Mask [1:0]: This 2-bit field expands the write mask contained 
in bit 2:0. This is for color expansion in Packed-24 modes only. The resulting 5- 
bit field is a byte mask. 


Destination Write Mask [2:0]: This 3-bit field prevents writing the first n pixels 
(up to seven) of each scanline for a color-expanded or pattern copy BitBLT. 


This field is expanded to 5 bits with bits 4:3 in Packed-24 modes. In these 
modes, the field is a count of bytes, not pixels. If GR33[3] is ‘1’, this field sup- 
presses writing background pixels only for a color expand BitBLT. 
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5.10 GR30: BLT Mode 


I/O Port Address: 
Index: 
MM/IO Offset: 


2 
- 


O-NWHRUOON 


3CFh 
30h 
118h 


Description 

Enable Color Expand 

Enable 8 x 8 Pattern Copy 

Pixel Size [1] 

Pixel Size [0] 

Enable Transparency 

BLT Source Display/System Memory 
BLT Interrupt 

BLT Direction 


This register contains bits that specify some details of the BitBLT. Additional mode bits are in 


GR33. 
Bit 
7 


Description 


Enable Color Expand: If this bit is set to‘1’, the ROP source is the expanded result 
from the bit-mapped source. 


The direction must be ‘increment’. Registers GRO—GR1, and GR10—GR15 contain 
the foreground and background colors. All ROPs that imply a source can be used 
with color expansion. 


When the source data is expanded, the most-significant bit of the first source byte 
is expanded to the first pixel in the destination. When the source of color-expand 
data is display memory, the source pitch is ignored. 


If this bit is set to ‘0’, the ROP source is the pixel data read from the source. 


Enable 8 x 8 Pattern Copy: If this bit is set to ‘1’, the source pattern is repeatedly 
copied to the destination rectangular area. The source pattern must be aligned on 
a boundary equal to the size of the pattern. The source must be display memory 
and the ROP must use a source (must not be D, NOTD, BLACKNESS, or WHITE- 
NESS). The source is a linear string of bytes, in one of five arrangements as shown 
in the following table: 




















Case Pattern Pattern Alignment 
Color expansion 8 bytes of bitmap for 64 pixels Qword 
8-bit pixels 64 bytes of color data for 64 pixels 64-byte boundary 
16-bit pixels 128 bytes of color data for 64 pixels 128-byte boundary 
24-bit pixels 8 x (24 bytes + 8 bytes filler-per-scanline) 256-byte boundary 
32-bit pixels 256 bytes of color data for 64 pixels 256-byte boundary 
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5.10 GR30: BLT Mode (cont.) 


Bit 
5:4 


November 1996 


Description 


Pixel Size [1:0]: This 2-bit field controls the width of color-expanded BitBLTs 
(including solid color and pattern copy) and the pixel size for X-Y positioning 
according to the following table: 











GR30[5] GR30[4] | Pixel Size 
0 0 8-bpp 
0 1 16-bpp 
1 0 24-bpp 
1 1 32-bpp 




















NOTE: This was called the color expand width in previous products; the term pixel size is 
more descriptive since this field is used by X-Y positioning. 


Enable Transparency: If color expansion is enabled, this bit controls color expan- 
sion with transparency. If this bit is set to ‘1’, then zeroes in the monochrome image 
being expanded result in the corresponding pixel not being written to; only the fore- 
ground is written. When expanding to 24-bpp, transparency must be enabled (this 
bit must be ‘1’). 


If this bit is set to ‘0’, then zeroes in the monochrome image being expanded result 
in the background color being written to the corresponding pixel. 


If color expansion is not enabled, this bit enables source transparency. The pixel 
about to be written is compared to the transparency color in registers GR34—GR35. 
If the pixel matches in all 8 or 16 bits, it is not written. This can only be used for 8- 
and 16-bpp display modes. 


BLT Source Display/System Memory: If this bit is set to ‘1’, the BitBLT source is 
system memory rather than display memory. The CPU performs the system bus 
transfers. The address on the bus must fall within the range specified in GR31[6] 
but is otherwise ignored. The CPU must use dword transfers. For system-to-screen 
BitBLTs without color expansion, up to three bytes of the last dword for each scan- 
line is ignored. For system-to-screen BitBLTs with color expansion, bits or bytes left 
over at the end of a scanline are managed according to the state of register 
GR33[0]. The transfers must always be programmed as dword operations. 


If this bit is set to ‘0’, the BitBLT source is display memory. Regardless of the 
source, the destination is always display memory. 
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5.10 GR30: BLT Mode (cont.) 


Bit 
1 


Description 


BLT Interrupt: If this bit is ‘1’ a BitBLT complete interrupt is requested. When the 
single BitBLT or the last BitBLT of a command list completes, CR62[4] is set. When 
this occurs, a PCI interrupt is requested if it is enabled. If this bit is ‘0’, no BitBLT 
interrupt is requested. 


This bit was used to enable screen-to-system BitBLTs on some earlier Cirrus Logic 
products. 


BLT Direction: If this bit is set to ‘1’, the source and destination addresses are dec- 
remented rather than incremented as the BitBLT proceeds. That is, the operation 
proceeds from right-to-left and bottom-to-top. The starting address is the highest 
addressed byte in each area. Neither color expansion, solid color fill, source trans- 
parency, nor pattern copy can be used with decreasing addresses. 
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5.11. GR31: BLT Start/Status 


I/O Port Address: 
Index: 
MM/lO Offset: 


wo 
-~ 


O-NWHRUOON 


3CFh 
3ih 
140h 


Description 

Enable Autostart 

System Source Location 

Pause 

Buffered Register Status (Read-only) 
Reserved 

BLT Reset 

BLT Start 

BLT Status (Read-only) 


This register contains bits that control the BitBLT and some status bits. 


Bit 
7 


November 1996 


Description 


Enable Autostart: If this bit is set to ‘1’, a BitBLT automatically starts whenever the 
engine is not busy and a set of parameters is available in the buffered registers. 
Programming this bit to ‘1’ also write-enables register GR33. If this bit is set to ‘0’, 
one BitBLT starts each time GR31[1] is set to ‘1’. 


System Source Location: If this bit is ‘1’, the CL-GD5480 responds to write 
accesses in three byte-swapping apertures in the second 16 Mbyte for all system- 
to-screen BitBLTs. This frees the four address apertures in the first 16 Mbyte for 
other, concurrent accesses. If this bit is ‘0’, the apertures in the first 16 Mbytes are 
used for BitBLTs (compatible with CL-GD5446). 


Pause: If this bit is set to ‘1’, a system-to-screen BitBLT pauses. Writes to the dis- 
play memory address range are considered ordinary display memory writes; the 
address supplied by the processor is the entire address. This can be used to 
change the hardware cursor in response to a mouse interrupt during a system-to- 
screen BitBLT. 


Reads are always permitted and return valid data. 


If this bit is set to ‘0’, writes to the display memory address range are sent to the 
BitBLT engine (that is, if a system-to-screen BitBLT requires additional data to com- 
plete). 

When setting or resetting this bit to pause or resume a BitBLT, the data for bit 1 
should be ‘0’ (there is no need to try to restart the BitBLT). 


This bit must be ‘0’ when the second set of apertures is being used (GR31[6] = 1). 
Buffered Register Status (Read-only): This bit is set to ‘1’ if the buffered registers 


are loaded and waiting for their BitBLT to start. This bit is reset to ‘0’ if the buffered 
registers are available. 
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5.11. GR31: BLT Start/Status (cont.) 


Bit Description 
3 Reserved 
2 BLT Reset: If this bit is set to ‘1’, the entire BitBLT engine immediately resets 


and any operation in progress terminates. The operation cannot be restarted. 


1 BLT Start: When this bit is set to ‘1’, the BitBLT begins with the next available 
display memory cycle. This bit is cleared to ‘0’ when the BitBLT is complete. 


0 BLT Status (Read-only): If this bit is ‘1’, the BitBLT is in progress. If this bit is 
‘0’, the BitBLT is complete or successfully suspended. 
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5.12 GR32: BLT ROP (Raster Operation) 
I/O Port Address: 3CFh 


Index: 32h 
MM/IO Offset: 11Ah 
Bit Description 
7 f [7] 

6 f [6] 

5 f [5] 

4 f [4] 

3 f [3] 

2 f [2] 

1 f [1] 

0 f [0] 


This register selects one of 16 two-operand ROPs. ROPs that do not use the source (such as ~D) 
must not be used when color expansion is selected. 


Bit Description 


7:0 f [7:0]: This eight-bit value selects a two-operand ROP, as indicated in the following 
table. Note that the value programmed into register GR32 is identical for the cases 
of source/pattern where the actual logical operation is the same. This table is 
ordered by Microsoft ROP. 


















































ro Z Microsoft® Name Microsoft® ROP 
0 0 BLACKNESS 00000042 
DPon ~P.~D - 000500A9 
DPna ~P.D _ 000A0329 
Pn ~P - OOOFO001 
DSon ~S.~D NOTSRCERASE 001100A6 
DSna ~S.D - 00220326 
Sn ~S NOTSRCCOPY 00330008 
SDna S.~D SRCERASE 00440328 
PDna P~D - 00500325 
Dn ~D 0B DSTINVERT 00550009 
DPx P~=D 59 PATINVERT 005A0049 
DPan ~P+~D DA - OO5FOOE9 
DSx S~=D 59 SRCINVERT 00660046 
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5.12 GR32: BLT ROP (Raster Operation) (cont) 


















































Bit Description 
7:0 (cont.) 
oh Z fees Microsoft® Name Microsoft® ROP 
DSan ~S4+~D DA - 007700E6 
DSa S.D 05 SRCAND 008800C6 
DSxn S=D 95 - 00990066 
DPa P.D 05 - OOA000C9 
PDxn P=D 95 - 00A50065 
D D 06 - OOAA0029 
DPno | ~P+D D6 - 00AF0229 
DSno | ~S+D D6 MERGEPAINT 00BB0226 
Ss S OD SRCCOPY 00CC0020 
SDno | S+~D AD - 00DD0228 
DSo S+D 6D SRCPAINT OOEE0086 
P P OD PATCOPY 00F00021 
PDno P+~D AD _ 00F50225 
DPo P+D 6D - OOFA0089 
1 1 OE WHITENESS OOFF0062 























NOTE: In the first two columns, D denotes destination, S denotes source, and P denotes 
pattern. 
The first column is RPN (reverse polish notation). a denotes ‘and’, o denotes ‘or’, 
x denotes ‘exclusive or’, and n denotes ‘not’. For example, the second entry, DPon, 
would be interpreted as follows: Destination, (enter), Pattern, oR, nOT. 
The second column is provided for those who prefer to avoid RPN. ~ denotes 
‘not’,. denotes ‘and’, and + denotes ‘or’. For example, the second entry would be 
interpreted as follows: NOT pattern AND NOT destination. 
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5.13 GR33: BLT Mode Extensions 


I/O Port Address: 


Index: 
MM/IO Offset: 


wo 
-— 


O-NWHRUOON 


3CFh 

33h 

11Bh 
Description Reset State 
Enable BLT Command List 0 
Enable X-Y Position Specification 0 
Enable Clip Rectangle 0 


Enable BLT Synchronous Display Switching 
Enable Background-only Clipping 

Enable Solid Color Fill 

Invert Color Expand Source Sense 

Source Data Granularity 


This register contains extended mode controls for BitBLTs. This register is write-protected unless 
either GR31[7] or GRE[5] is ‘1’. 


Bit 
7 


November 1996 


Description 


Enable BLT Command List: If this bit is ‘1’ the CL-GD5480 executes a single 
BitBLT using the parameters loaded into the registers and then continues executing 
BitBLTs, fetching parameter sets from the frame buffer. 


Enable X-Y Position Specification: If this bit is ‘1’, the CL-GD5480 BitBLT engine 
uses X-Y operand addressing. The application can specify the position and width 
of the source and destination operands in terms of pixels and scanlines. This mode 
can be used for all pixel formats including Packed-24. A write of ‘0’ to this bit dis- 
ables X-Y positioning without clearing the X-Y position registers (GR40—GR47). 


Enable Clip Rectangle: If this bit is ‘1’, the CL-GD5480 BitBLT engine suppresses 
all writes outside a programmable clip rectangle. See Chapter 9, “Programming 
Notes”, for a complete description. A write of ‘0’ to this bit disables clipping without 
clearing the clipping registers (GR48—GR4F). 


Enable BLT Synchronous Display Switching: If this bit is ‘1’, the CL-GD5480 
switches display buffers at the end of each BitBLT (if CR5E[2:0] is programmed to 
‘111b’). The two display buffers begin at frame buffer location ‘0’ and the address 
programmed into Screen Start A (CRC, CRD, and so on). 


Enabled Background-only Clipping: If this bit is ‘1’, the clipping specified in reg- 


ister GR2F only suppresses writing background pixels. This only applies to color- 
expanded BitBLTs. This bit must be ‘0’ when X-Y clipping is enabled. 
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5.13  GR33: BLT Mode Extensions (cont.) 


Bit 
2 


Description 


Enable Solid Color Fill: If this bit is set to ‘1’, the destination area (rectangle) is 
filled with the foreground color. GR30[7] and GR30[6] must both be set to ‘1’. 
GR30[3] must be set to ‘0’ (no transparency). This function yields identical results 
as a color expanded, pattern-fill BitBLT with a pattern of all ‘1’s, but is faster. If this 
bit is set to ‘0’, this function is not enabled. 


Invert Color Expand Source Sense: If this bit is set to ‘1’, the sense of the CPU 
data for a color expanded BitBLT with transparency is inverted. ‘1’ causes the pixel 
to not be written; ‘0’ causes the foreground color to be written. 


Source Data Granularity: If this bit is set to ‘1’, dword granularity is enabled for 
color expanded system-to-screen BitBLTs. At the end of each scanline, unused 
source data is discarded to the end of the current dword. The next scanline begins 
with the next dword. Up to 31 bits can be discarded. If this bit is set to ‘0’, unused 
source data to the end of the current byte are discarded at the end of each scan- 
line. This affects color expanded system-to-screen BitBLTs only. 


Non-color expansion system-to-screen BitBLTs always discard unused bytes to the 
end of the current dword. This bit must be set to ‘1’ for any color expanded BitBLT 
where the GR2F[6:5] field is a non-zero value. 
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5.14 GR34—-GR35:Transparent BLT Key Color 


I/O Port Address: 3CFh 
Index: 34h, 35h 
MM/IO Offset: 11Ch, 11Dh 


wo 
-~ 


Description 

Transparent BLT Key Color [7] / [15] 
Transparent BLT Key Color [6] / [14] 
Transparent BLT Key Color [5] / [13] 
Transparent BLT Key Color [4] / [12] 
Transparent BLT Key Color [3] / [11] 
Transparent BLT Key Color [2] / [10] 
Transparent BLT Key Color [1] / [9] 
Transparent BLT Key Color [0] / [8] 


O-NWHRUOON 


These registers contain the transparent BitBLT key color for 8- or 16-bpp BitBLTs with transpar- 
ency and without color expansion. This is called source transparency. 


Bit Description 


7:0 Transparent BLT Key Color [15:0]: If GR30[3] is ‘1’ and GR30[7] is ‘0’, the value 
of each pixel about to be written in the frame buffer is compared with the contents 
of these two registers. If the pixel matches in all 8 or 16 bits, it is not written. This 
mode can only be used for 8- or 16-bpp BitBLTs. If this mode is used for 8-bpp 
BitBLTs, registers GR34 and GR35 must be programmed identically. 


If this mode is used for 16-bpp BitBLTs, register GR34 is the lest-significant byte 
and register GR35 is the most-significant byte. 
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5.15 GR40—-GR41:BLT Destination X-Position Byte 0, 1 


I/O Port Address: 3CFh 
Index: 40h, 41h 
MM/lO Offset: 128h, 129h 


2 
- 


Description 

BLT Destination X-position [7] 

BLT Destination X-position [6] 

BLT Destination X-position [5] 

BLT Destination X-position [4] 

BLT Destination X-position [3] / [11] 
BLT Destination X-position [2] /[10] 
BLT Destination X-position [1] / [9] 
BLT Destination X-position [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the horizontal position of the beginning pixel 
of the destination area of a BitBLT; a 12-bit field allows a pixel offset of up to 4096. This is used 
only if X-Y positioning has been enabled by programming GR33[6] to ‘1’. 


Bit Description 
11:0 BLT Destination X-position [11:0]: Bits 11:8 are in register GR41; bits 7:0 are in 
register GR40. 
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5.16 GR42-—GR43: BLT Destination Y-Position Byte 0, 1 


I/O Port Address: 3CFh 
Index: 42h, 43h 
MM/lO Offset: 12Ah, 12Bh 


wo 
-~ 


Description 

BLT Destination Y-position [7] 

BLT Destination Y-position [6] 

BLT Destination Y-position [5] 

BLT Destination Y-position [4] 

BLT Destination Y-position [3] / [11] 
BLT Destination Y-position [2] / [10] 
BLT Destination Y-position [1] / [9] 
BLT Destination Y-position [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the vertical position of the beginning scanline 
of the destination area of a BitBLT; a 12-bit field allows a scanline offset of up to 4096. This is used 
only if X-Y positioning has been enabled by programming GR33[6] to ‘1’. 


Bit Description 
11:0 BLT Destination Y-position [11:0]: Bits 11:8 are in register GR43; bits 7:0 are in 
register GR42. 
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5.17 GR44—GR45: BLT Source X-Position Byte 0, 1 


I/O Port Address: 3CFh 
Index: 44h, 45h 
MM/lO Offset: 12Ch, 12Dh 


2 
- 


Description 

BLT Source X-position [7] 

BLT Source X-position [6] 

BLT Source X-position [5] 

BLT Source X-position [4] 

BLT Source X-position [3] / [11] 
BLT Source X-position [2] / [10] 
BLT Source X-position [1] / [9] 
BLT Source X-position [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the horizontal position of the beginning pixel 
of the source area of a BitBLT; a 12-bit field allows a pixel offset of up to 4096. This is used only 
if X-Y positioning has been enabled by programming GR33[6] to ‘1’. 


Bit Description 
11:0 BLT Source X-position [11:0]: Bits 11:8 are in register GR45; bits 7:0 are in reg- 
ister GR44. 
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5.18 GR46—GR47: BLT Source Y-Position Byte 0, 1 


I/O Port Address: 3CFh 
Index: 46h, 47h 
MM/lO Offset: 12Eh, 12Fh 


ey 
-~ 


Description 

BLT Source Y-position [7] 

BLT Source Y-position [6] 

BLT Source Y-position [5] 

BLT Source Y-position [4] 

BLT Source Y-position [3] / [11] 
BLT Source Y-position [2] / [10] 
BLT Source Y-position [1] / [9] 
BLT Source Y-position [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the vertical position of the beginning scanline 
of the source area of a BitBLT; a 12-bit field allows a scanline offset of up to 4096. This is used 
only if X-Y positioning is enabled by programming GR33[6] to ‘1’. 


Bit Description 
11:0 BLT Source Y-position [11:0]: Bits 11:8 are in register GR47; bits 7:0 are in reg- 
ister GR46. 
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5.19 GR48—-GR49: BLT Clip Rectangle X-Start Byte 0, 1 


I/O Port Address: 3CFh 
Index: 48h, 49h 
MM/lO Offset: 130h,131h 


2 
- 


Description 

BLT Clip Rectangle X-start [7] 

BLT Clip Rectangle X-start [6] 

BLT Clip Rectangle X-start [5] 

BLT Clip Rectangle X-start [4] 

BLT Clip Rectangle X-start [3] / [11] 
BLT Clip Rectangle X-start [2] / [10] 
BLT Clip Rectangle X-start [1] / [9] 
BLT Clip Rectangle X-start [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the horizontal position of the pixel in the 
upper-left corner of the clipping rectangle; a 12-bit field allows a pixel offset of up to 4095. If 
GR33[5] is ‘1’, pixels to the left of this offset (that is, pixels with smaller horizontal offsets) are not 
written by BitBLT operations. 


Bit Description 
11:0 BLT Clip Rectangle X-start [11:0]: Bits 11:8 are in register GR49; bits 7:0 are in 
register GR48. 








Copyright 1996 — Cirrus Logic Inc. 5-27 November 1996 


BITBLT EXTENSION REGISTERS CL-GD5480 Technical Reference Manual 


5.20 GR4A-GR4B: BLT Clip Rectangle Y-Start Byte 0, 1 


I/O Port Address: 3CFh 
Index: 48h, 49h 
MM/lO Offset: 132h, 133h 


ey 
-~ 


Description 

BLT Clip Rectangle Y-start [7] 

BLT Clip Rectangle Y-start [6] 

BLT Clip Rectangle Y-start [5] 

BLT Clip Rectangle Y-start [4] 

BLT Clip Rectangle Y-start [3] / [11] 
BLT Clip Rectangle Y-start [2] / [10] 
BLT Clip Rectangle Y-start [1] / [9] 
BLT Clip Rectangle Y-start [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the vertical position of the pixel in the upper- 
left corner of the clipping rectangle; a 12-bit field allows a scanline offset of up to 4095. If GR33[5] 
is ‘1’, pixels above this offset (that is, pixels whose scanline offsets are smaller) are not written by 


BitBLT operations. 

Bit Description 

11:0 BLT Clip Rectangle Y-start [11:0]: Bits 11:8 are in register GR4B; bits 7:0 are in 
register GR4A. 
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5.21 GR4C-GR4D: BLT Clip Rectangle X-End Byte 0, 1 


I/O Port Address: 3CFh 
Index: 4Ch, 4Dh 
MM/IO Offset: 134h, 135h 


2 
- 


Description 

BLT Clip Rectangle X-end [7] 

BLT Clip Rectangle X-end [6] 

BLT Clip Rectangle X-end [5] 

BLT Clip Rectangle X-end [4] 

BLT Clip Rectangle X-end [3] / [11] 
BLT Clip Rectangle X-end [2] / [10] 
BLT Clip Rectangle X-end [1] / [9] 
BLT Clip Rectangle X-end [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the horizontal position of the pixel in the 
lower-right corner of the clipping rectangle; a 12-bit field allows a pixel offset of up to 4095. If 
GR33[5] is ‘1’, pixels to the right of this offset (that is, pixels whose offsets are larger) are not writ- 
ten by BitBLT operations. When clipping is enabled, this must be greater than the clip rectangle X- 


start. 
Bit Description 
11:0 BLT Clip Rectangle X-end [11:0]: Bits 11:8 are in register GR4D; bits 7:0 are in 


register GR4C. 
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5.22 GR4E-GR4F: BLT Clip Rectangle Y-End Byte 0, 1 


/O Port Address: 3CFh 
Index: 4Eh, 4Fh 
MM/lO Offset: 136h, 137h 


ey 
-~ 


Description 

BLT Clip Rectangle Y-end [7] 

BLT Clip Rectangle Y-end [6] 

BLT Clip Rectangle Y-end [5] 

BLT Clip Rectangle Y-end [4] 

BLT Clip Rectangle Y-end [3] / [11] 
BLT Clip Rectangle Y-end [2] / [10] 
BLT Clip Rectangle Y-end [1] / [9] 
BLT Clip Rectangle Y-end [0] / [8] 


O-NWHRUOON 


This register pair contains the 12-bit value specifying the vertical position of the pixel in the lower- 
right corner of the clipping rectangle; a 12-bit field allows a scanline offset of up to 4095. If GR33[5] 
is ‘1’, pixels below this offset (that is, pixels whose scanline number is larger) are not written by 
BitBLT operations. When clipping is enabled, this must be greater than the clip rectangle Y-start. 


Bit Description 
11:0 BLT Clip Rectangle Y-end [11:0]: Bits 11:8 are in register GR4F; bits 7:0 are in 
register GR4E. 
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6. VIDEO CAPTURE AND WINDOW REGISTERS 


The CL-GD5480 Video Capture and Window registers are summarized in Table 6-1. 


Table 6-1. Video Capture and Window Registers Quick Reference 
















































































Abbreviation Register Name Index | Port Page 
CR31 Window 1 Horizontal Zoom Control 31h 3D5h 6-5 
CR32 Window 1 Vertical Zoom Control 32h 3D5h 6-6 
CR33 Window 1 Horizontal Region 1 Size 33h 3D5h 6-7 
CR34 Window 1 Region 2 Width 34h 3D5h 6-8 
CR35 Window 1 Region 2 Source Data Size 35h 3D5h 6-9 
CR36 Window 1 Horizontal Overflow 36h 3D5h 6-10 
CR37 Window 1 Vertical Start 37h 3D5h 6-11 
CR38 Window 1 Vertical End 38h 3D5h 6-12 
CR39 Window 1 Vertical Overflow 39h 3D5h 6-13 
CR3A Window 1 Source 1 Address Byte 0 3Ah 3D5h 6-15 
CR3B Window 1 Source 1 Address Byte 1 3Bh 3D5h 6-15 
CR3C Window 1 Source 1 Address Byte 2 3Ch 3D5h 6-16 
CR3D Video Buffer Address Offset 3Dh 3D5h 6-17 
CR3E Window 1 Master Control 3Eh 3D5h 6-18 
CR3F Miscellaneous Video Control 3Fh 3D5h 6-20 
CR40 Window 2 Pixel Alignment 40h 3D5h 6-22 
CR43 Window 2 Horizontal Region 1 Size 43h 3D5h 6-23 
CR44 Window 2 Region 2 Width 44h 3D5h 6-24 
CR45 Window 2 Region 2 Source Data Size 45h 3D5h 6-25 
CR46 Window 2 Horizontal Overflow 46h 3D5h 6-26 
CR47 Window 2 Vertical Start 47h 3D5h 6-27 
CR48 Window 2 Vertical End 48h 3D5h 6-28 
CR49 Window 2 Vertical Overflow 49h 3D5h 6-29 
CR4A Window 2 Source Address Byte 0 4Ah 3D5h 6-30 
CR4B Window 2 Source Address Byte 1 4Bh 3D5h 6-30 
CR4C Window 2 Source Address Byte 2 4Ch 3D5h 6-31 
CR4D Window 2 Buffer Address Offset 4Dh 3D5h 6-32 
CR4E Window 2 Control 4Eh 3D5h 6-33 
CR4F Window 2 Miscellaneous Control 4Fh 3D5h 6-34 
CR50 Video Capture Control 50h 3D5h 6-35 
CR51 Video Capture Data Format 51h 3D5h 6-37 
CR52 Video Capture Buffers 1 and 2 Horizontal Shrink 52h 3D5h 6-38 
CR53 Video Capture Buffers 1 and 2 Vertical Shrink 53h 3D5h 6-39 
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Table 6-1. Video Capture and Window Registers Quick Reference (cont.) 





















































































































Abbreviation Register Name 
Video Capture Horizontal Delay 
CR55 Video Capture Horizontal Width 55h 3D5h 6-41 
CR56 Video Capture Vertical Delay 56h 3D5h 6-42 
CR57 Video Capture Maximum Height 57h 3D5h 6-43 
CR58 Video Capture Miscellaneous Control 58h 3D5h 6-44 
CR59 Video Capture Buffer 1 Start Address Byte 0 59h 3D5h 6-45 
CR5A Video Capture Buffer 1 Start Address Byte 1 5Ah 3D5h 6-45 
CR5B Video Window Brightness Adjust 5Bh 3D5h 6-46 
CR5C Luminance-Only Capture Control 5Ch 3D5h 6-47 
CR5D Window 1 Pixel Alignment 5Dh 3D5h 6-48 
CR5E Double-Buffer Control 5Eh 3D5h 6-49 
CR5F Video Capture Clipping Overflow 5Fh 3D5h 6-51 
CR60 Window 1 Source 2 Start Address Byte 0 60h 3D5h 6-52 
CR61 Window 1 Source 2 Start Address Byte 1 61h 3D5h 6-52 
CR62 Interrupt Source and Status 62h 3D5h 6-53 
CR63 Miscellaneous Video Memory Aperture Controls 63h 3D5h 6-55 
CR64 Video Capture Buffer 2 Address Byte 0 64h 3D5h 6-56 
CR65 Video Capture Buffer 2 Address Byte 1 65h 3D5h 6-56 
CR66 Video Capture Buffer 2 Address Byte 2 66h 3D5h 6-57 
CR67 Video Capture Buffers 1 and 2 Address Offset 67h 3D5h 6-58 
CR68 Video Capture Buffer 3 Address Byte 0 68h 3D5h 6-59 
CR69 Video Capture Buffer 3 Address Byte 1 69h 3D5h 6-59 
CR6A Video Capture Buffer 3 Address Byte 2 6Ah 3D5h 6-60 
CR6B Video Capture Buffer 3 Address Offset 6Bh 3D5h 6-61 
CR6C Video Capture Buffer 3 Horizontal Shrink 6Ch 3D5h 6-62 
CR6D Video Capture Buffer 3 Vertical Shrink 6Dh 3D5h 6-63 
CR6E Capture Line Count Readback 6Eh 3D5h 6-64 
CR6F Video Capture Buffers Extended Controls 6Fh 3D5h 6-65 
CR70 Stream Engine Buffer 1 Page Table Offset 70h 3D5h 6-67 
CR71 Stream Engine Buffer 1 Target Address Byte 0 71h 3D5h 6-68 
CR72 Stream Engine Buffer 1 Source Address Byte 0 72h 3D5h 6-69 
CR73 Stream Engine Buffer 1 Source Address Byte 1 73h 3D5h 6-69 
CR74 Stream Engine Buffer 2 Page Table Offset 74h 3D5h 6-70 
CR75 Stream Engine Buffer 2 Target Address Byte 0 75h 3D5h 6-71 
CR76 Stream Engine Buffer 2 Source Address Byte 0 76h 3D5h 6-72 
CR77 Stream Engine Buffer 2 Source Address Byte 1 77h 3D5h 6-72 
CR78 Stream Engine Buffer 1 Extension Bits 78h 3D5h 6-73 
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Table 6-1. Video Capture and Window Registers Quick Reference (cont.) 



















































Abbreviation Register Name 
Stream Engine Buffer 2 Extension Bits 
CR7A Stream Engine Source Buffer Offset 7Ah 3D5h 6-75 
CR7B Stream Engine Destination Buffer Offset 7Bh 3D5h 6-76 
CR7C Stream Engine Target Buffer Width 7Ch 3D5h 6-77 
CR7D Stream Engine Target Buffer Height 7Dh 3D5h 6-78 
CR7E Stream Engine Vertical Scaling 7Eh 3D5h 6-79 
CR7F Stream Engine Controls 7Fh 3D5h 6-80 
GR1C Chroma Key Byte 0 1Ch 3DFh 6-82 
GR1D Chroma Key Byte 1 1Dh 3D5h 6-82 
GR1E Chroma Key Byte 2 1Eh 3D5h 6-82 
GR1F Chroma Key Byte 3 1Fh 3D5h 6-82 
GR38 Stream Engine Fill Value Byte 0 38h 3DFh 6-83 
GR39 Stream Engine Fill Value Byte 1 39h 3D5h 6-83 
GR3A Stream Engine Fill Value Byte 2 3Ah 3D5h 6-83 
GR3B Stream Engine Fill Value Byte 3 3Bh 3D5h 6-83 
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6.1 


VIDEO CAPTURE AND WINDOW REGISTERS 


CR31: Window 1 Horizontal Zoom Control 


I/O Port Address: 
Size (bits): 
Index: 


2 
-— 


O-NWHRUOON 


3D5h 
8 
3ih 


Description 

Horizontal Zoom Code [7] 
Horizontal Zoom Code [6] 
Horizontal Zoom Code [5] 
Horizontal Zoom Code [4] 
Horizontal Zoom Code [3] 
Horizontal Zoom Code [2] 
Horizontal Zoom Code [1] 
Horizontal Zoom Code [0] 


This register controls the horizontal zooming of Video Window 1. 


Bit 
7:0 


Description 


Horizontal Zoom Control [7:0]: This field controls the horizontal zooming of Video 
Window 1. Continuous horizontal zooming from 1x to 4x is possible, subject to the 
restrictions noted in Chapter 9, “Programming Notes”. The zoom factor is deter- 
mined by Equation 6-1. 


256 
HZ Factor = ——————- Equation 6-1 
oomFactor = = ode quation 


Values in the range of 64 through 255 can be used for HorZoomCode. 


This provides continuous zooming from 4x (HorZoomCode = 64) to slightly more 
than 1x (HorZoomCode = 255); ‘0’ sets 1x; a value of less than 64 results ina zoom 
factor of more than 4x, but the horizontal interpolation does not provide further ben- 
efit. 
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6.2 CR32: Window 1 Vertical Zoom Control 


I/O Port Address: 
Size (bits): 
Index: 


wo 
- 


O-NWHRUON 


3D5h 
8 
32h 


Description 

Vertical Zoom Code [7] 
Vertical Zoom Code [6] 
Vertical Zoom Code [5] 
Vertical Zoom Code [4] 
Vertical Zoom Code [3] 
Vertical Zoom Code [2] 
Vertical Zoom Code [0] 
Vertical Zoom Code [0] 


This register controls the vertical zooming of Video Window 1. 


Bit 
7:0 


Description 


Vertical Zoom Control [7:0]: This field controls the vertical zooming of Video Win- 
dow 1. Continuous vertical zooming from 1x to 4x is possible. The zoom factor is 
determined by Equation 6-2. 


256 
VZ Factor = ——>———_— Equation 6-2 
oomFactor = — ode quation 


Values in the range of 64 through 255 can be used for VertZoomCode. 


This provides continuous zooming from 4x (VertZoomCont = 64) to slightly more 
than 1x (VertZoomCode = 255); ‘0’ sets 1x. 


If a vertical zoom of greater than 1x is selected, some scanlines are generated by 
interpolation of source image scanlines (or by replication). The physical height of 
the window on the screen is fixed by the Vertical Start and Vertical End values. 


If CR39[6] is ‘1’, vertical shrink is enabled. The shrink factor is determined by 
Equation 6-3. 


VShrinkFactor = ce Equation 6-3 


Values in the range of 16 through 255 can be used for VeriZoomCode. 


This provides continuous shrinking from 1/16 ( VertZoomCode = 16) to slightly less 
than 1 (VertZoomCode = 255). Vertical shrink cannot be used with vertical interpo- 
lation. 
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6.3 


VIDEO CAPTURE AND WINDOW REGISTERS 


CR33: Window 1 Horizontal Region 1 Size 


I/O Port Address: 
Size (bits): 
Index: 


2 
-~ 


O-NWHRUOON 


3D5h 
8 
33h 


Description 
R1SZ [7] 
R1SZ [6] 
R1SZ [5] 
R1SZ [4] 
R1SZ [3] 
R1SZ [2] 
R1SZ [1] 
R1SZ [0] 


This register contains the least-significant bits of Video Window 1 Horizontal Region 1 Size. 


Bit 
7:0 


Description 


R1SZ [7:0]: The Horizontal Region 1 Size specifies the size of the background to 
the left of Video Window 1. This register is extended to 10 bits with CR36[1:0]. The 
units are dwords of graphics data transferred to the CRT FIFO from the start of a 
scanline to the left boundary of the video window (that is, the last pixel before the 
window begins). Byte granularity is obtained using R1Adjust. Use Equation 6-4 to 
determine the location of the first pixel of the video window. 


a2 


R1iAdjuste 8 
GraphicsBPP 


Region|Size = 
egion| Size ( GraphicsBPP 


e R1SZ)+ ( ) Equation 6-4 


Use Equation 6-5 to calculate the value to program into the field, given the desired 
left edge. 


Region|SizeinPixels 


R1SZ = —— 
GraphicsPixelsPerDWORD 


Equation 6-5 


Refer to Chapter 9, “Programming Notes”, for detailed information. 

If CR1A[1] is ‘1’, this field is buffered. Data written to this field is held until a write 
to CR37. The new data is returned if the register is read, but does not transfer to 
the hardware. On the next VSYNC after the write to CR37, the data transfers to the 
hardware. 
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6.4 CR34: Window 1 Region 2 Width 


I/O Port Address: 
Size (bits): 
Index: 


wo 
- 


O-NWHRUON 


3D5h 
8 
34h 


Description 
R2SZ [7] 
R2SZ [6] 
R2SZ [5] 
R2SZ [4] 
R2SZ [3] 
R2SZ [2] 
R2SZ [1] 
R2SZ [0] 


This register contains the least-significant bits of Video Window 1 Horizontal Region 2 Width. 


Bit 
7:0 


Description 


R2SZ [7:0]: The Horizontal Region 2 Width is the size of the overlaid region in the 
background that is skipped for each scanline. This field is extended to 10 bits with 
CR36[3:2]. The units are the dwords of graphics data that would have been trans- 
ferred to the FIFO, but are not because the corresponding region on the screen dis- 
played the window. Byte granularity can be obtained using R2Adjust. Use 
Equation 6-6 to calculate the actual size in pixels. 


ae 


R2Adjust® 8 
GraphicsBPP 


Region2Size = ( GraphicsBPP 


° R2SZ)+ ( ) Equation 6-6 


Use Equation 6-7 to calculate the value that should be programmed, given the 
desired window width. 


Window WidthInPixels 
R67 =. ee eee Be 
GraphicsPixelsPerDWORD quation 


See Chapter 9, “Programming Notes”, for more details. 
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6.5 CR35: Window 1 Region 2 Source Data Size 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 35h 


2 
-~ 


Description 
R2SDZ [7] 
R2SDZ [6] 
R2SDZ [5] 
R2SDZ [4] 
R2SDZ [8] 
R2SDZ [2] 
R2SDZ [1] 
R2SDZ [0] 


O-NWHRUOON 


This register contains the least-significant bits of Video Window 1 Region 2 Source Data Size. 
Bit Description 


7:0 HR2ASZ [7:0]: The Horizontal Region 2 Source Data Size specifies the number of 
dwords of video data that must be fetched for Video Window 1. This is extended to 
10 bits with CR36[5:4]. This value can be calculated by evaluating Equation 6-8. 


Region2SizeinPixels 
32 
VideoBPP 


Region2SDSize = Equation 6-8 


e HorizontalZoomF actor 


See Chapter 9, “Programming Notes”, for more details. 
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6.6 CR36: Window 1 Horizontal Overflow 


1/O Port Address: 


Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
36h 


Description 

Window 1 Mirror 

Window 1 Window 1 Horizontal Shrink Enable 
R2SDZ [9] 

R2SDZ [8] 

R2SZ [9] 

R2SZ [8] 

R1SZ [9] 

R1SZ [8] 


This register contains bits that extend each of the three Window 1 horizontal fields to 10 bits. 


Bit 
7 


5:4 


3:2 


1:0 


Description 


Window 1 Mirror: If this bit is ‘1’, the video displayed in Video Window 1 is left-right 
mirrored. The address decrements as each scanline of video is fetched for display. 
Program the beginning address to the last pixel in the first scanline; the offset is 
added after each scanline is fetched for display. 


NOTE: YUV 4:2:0 data cannot be mirrored. 


Window 1 Horizontal Shrink Enable: If this bit is ‘1’, the video displayed in win- 
dow 1 is shrunk by 1/2 using filtering. 


R2SDZ [9:8]: These two bits extend the Region 2 Source Data Size to 10 bits. The 
least-significant eight bits are contained in register CR35. 


R2SZ [9:8]: These two bits extend the Region 2 Size to 10 bits. The least-signifi- 
cant eight bits are contained in register CR34. 


R1SZ [9:8]: These two bits extend the Region 1 Size to 10 bits. The least-signifi- 
cant eight bits are contained in register CR33. If CR1A[1] is ‘1’, this field is buffered. 
Data written to this field is held until a write to CR37. The new data is returned if 
the register is read, but does not transfer to the hardware. On the next VSYNC after 
the write to CR37, the data transfers to the hardware. 
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6.7 CR37: Window 1 Vertical Start 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 37h 


wo 
- 


Description 
WVS [7] 
WVS [6] 
WVS [5] 
WVS [4] 
WVS [3] 
WVS [2] 
WVS [1] 
WVS [0] 


O-NWHRUOON 


This register contains the least-significant bits of Window 1 Vertical Start. 
Bit Description 


7:0 WVS [7:0]: The Window Vertical Start specifies the first scanline that contains the 
window. This is extended to 10 bits with CR39[1:0]. Combined with the Window 
Vertical End value, this defines the vertical extent of the window. 


If CR17[2] is programmed to ‘1’, the vertical counter is clocked with every other 
HSYNC. This allows 1280 or 1600 scanlines to be programmed. If CR17[2] is ‘1’, 
then CR39[4] determines which HSYNC is used to trigger the vertical window start. 


When CR1A[1] is ‘1’, this register must be written last in the window setup proce- 
dure. 
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6.8 CR38: Window 1 Vertical End 


I/O Port Address: 
Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
38h 


Description 
WVE [7] 
WVE [7] 
WVE [7] 
WVE [7] 
WVE [7] 
WVE [7] 
WVE [7] 
WVE [7] 


This register contains the least-significant bits of Window 1 Vertical End. 


Bit 
7:0 


Description 


WVE [7:0]: The Window Vertical End specifies the last scanline that contains the 
window. This field is extended to 10 bits with CR39[3:2]. Combined with the Win- 
dow Vertical Start value, this defines the vertical extent of the window. 

If CR17[2] is programmed to ‘1’, the vertical counter is clocked with every other 
HSYNC. This allows 1280 or 1600 scanlines to be programmed. If CR17[2] is ‘1’, 
then CR39[5] determines which HSYNC is used to trigger the vertical window end. 
If CR1A[1] is ‘1’, this field is buffered. Data written to this field is held until a write 
to CR37. The new data is returned if the register is read, but does not transfer to 
the hardware. On the next VSYNC after the write to CR37, the data transfers to the 
hardware. 
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6.9 


VIDEO CAPTURE AND WINDOW REGISTERS 


CR39: Window 1 Vertical Overflow 


1/O Port Address: 


Size (bits): 
Index: 


2 
- 


O-NWHRUOON 


3D5h 
8 
39h 


Description 

Enable Sequential Odd/Even Fields 
Enable Vertical Shrink 

Vertical End Odd/Even Line Select 
Vertical Start Odd/Even Line Select 
WVE [9] 

WVE [8] 

WVS [9] 

WVS [8] 


This register contains bits that extend each of two Video Window 1 vertical fields to 10 bits. 


Bit 
7 


Description 


Enable Sequential Odd/Even Fields: If this bit is ‘1’, sequential odd/even fields 
from interlaced capture data are displayed with the an effective one-half line down 
shift for odd fields. This requires that vertical interpolation be enabled. This 
improves the display at a vertical zoom factor of ~2x. This is smooth interlacing. 


When capture is off and this bit is set, CR38X is assumed odd and CR5X/6X is 
assumed even. 


Enable Vertical Shrink: If this bit is ‘1’, the value in CR32 is interpreted as a ver- 
tical shrink code rather than a vertical zoom code. Essentially, this is the invert of 
the zoom equation. 


Vertical End Odd/Even Line Select: This bit is used only when CR17[2] is ‘1’ to 
double the vertical counts. This bit selects if Window 1 vertical end is triggered from 
an even or odd HSYNC. If CR1A[1] is ‘1’, this field is buffered. Data written to this 
field is held until a write to CR37. On the next VSYNC after the write to CR37, the 
data transfers to this register. 


Vertical Start Odd/Even Line Select: This bit is used only when CR17[2] is ‘1’ to 
double the vertical counts. This bit selects whether Window 1 vertical start is trig- 
gered from an even or odd HSYNC. If CR1A[1] is ‘1’, this field is buffered. Data writ- 
ten to this field is held until a write to CR37. The new data is returned if the register 
is read, but does not transfer to the hardware. On the next VSYNC after the write 
to CR37, the data transfers to the hardware. 
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6.9 CR39: Window 1 Vertical Overflow (cont.) 


Bit 
3:2 


1:0 


Description 


WVE [9:8]: These two bits extend the Window 1 vertical end to 10 bits. The least- 
significant eight bits are contained in register CR38.If CR1A[1] is ‘1’, this field is 
buffered. Data written to this field is held until a write to CR37. The new data is 
returned if the register is read, but does not transfer to the hardware. On the next 
VSYNC after the write to CR37, the data transfers to the hardware. 


WVS [9:8]: These two bits extend the Window 1 vertical start to 10 bits. The least- 
significant eight bits are contained in register CR37. If CR1A[1] is ‘1’, this field is 
buffered. Data written to this field is held until a write to CR37. The new data is 
returned if the register is read, but does not transfer to the hardware. On the next 
VSYNC after the write to CR37, the data transfers to the hardware. 
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6.10 CR3A—-CR3B: Window 1 Source 1 Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 3Ah, 3Bh 


2 
-— 


Description 

Window 1 Source 1 Address [9] / [17] 
Window 1 Source 1 Address [8] / [16] 
Window 1 Source 1 Address [7] / [15] 
Window 1 Source 1 Address [6] / [14] 
Window 1 Source 1 Address [5] / [13] 
Window 1 Source 1 Address [4] / [12] 
Window 1 Source 1 Address [3] / [11] 
Window 1 Source 1 Address [2] / [10] 


O-NWHRUOON 


These two registers contain the least-significant bits of Window 1 Source 1 address. This points 
to the location in the frame buffer containing the video for Window 1. The buffer pointed to by this 
address is referred to as ‘W1S1’. 


Bit Description 


7:0 Window 1 Source 1 Address [17:2]: This field contains bits [17:2] of the Window 
1 Source 1 address. This is extended to 22 bits with CR3C[3:0] and CR5D[3:2]. The 
following table shows all three buffers for the video for Window 1. 























Address Bie Corespondto 1 aig | vzto | 92 | 10 

Window 1 Source 1 (W1S1) CR3C[3:0] | CR3B[7:0] | CR3A[7:0] | CR5D[3:2] 
Window 1 Source 2 (W1S2) CR63[7:4] | CR61[7:0] | CR6O[7:0] | CR5D[3:2] 
Video Capture Buffer 1 (CB1) CR58[3:0] | CR5A[7:0] | CR59[7:0] | CR5D[3:2] 








This buffer is the default video display buffer. If the CL-GD5446 compatible double 
buffering is being used, this buffer is used alternately with Video Capture Buffer 1 
for video capture and video display. If the CL-GD5480 double buffering (CR66[6] = 
‘1’) is being used, this buffer alternates with Window 1 Source 2. 

When CR4C[4] is ‘1’, these addresses (CR3A/CR3B/CR3C) point to an alternate 
set of registers used for the UV buffers. 

The start addresses of both video buffers are defined in terms of bytes. For video 
capture, data is always written on dword or qword boundaries 


See Chapter 9, “Programming Notes”, for details. 
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6.11 CR3C: Window 1 Source 1 Address Byte 2 


/O Port Address: 


Size (bits): 
Index: 

Bit 

7:6 


o-NWAO 


3D5h 
8 
3Ch 


Description 

Reserved 

Video Address Offset [11] 
Reserved 

Window 1 Source 1 Address [21] 
Window 1 Source 1 Address [20] 
Window 1 Source 1 Address [19] 
Window 1 Source 1 Address [18] 


This register contains the four most-significant bits of Window 1 Source 1 Address field and an 
upper bit of the video address offset. 


Bit 
7:6 
5 


3:0 


Description 
Reserved 


Video Address Offset [11]: This bits extend the Video Address offset to 12 bits. 
The least-significant bits are contained in register CR3D. 


Reserved 


Window 1 Source 1 Address [21:18]: These four bits extend Window 1 Source 1 
address to 22 bits. The least-significant bits are contained in registers CR3A, 
CR83B, and CRO5D. See the table in Section 6.10 on page 6-15 for the complete 22- 
bit address. 


When CR4C[4] is ‘1’, these addresses (CR3A/CR3B/CR3C) point to an alternate 
set of registers used for the UV buffers. 
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6.12 CR3D: Video Buffer Address Offset 


I/O Port Address: 
Size (bits): 
Index: 


wo 
- 


O-NWHRUOON 


3D5h 
8 
3Dh 


Description 

Video Buffer Address Offset [10] 
Video Buffer Address Offset [9] 
Video Buffer Address Offset [8] 
Video Buffer Address Offset [7] 
Video Buffer Address Offset [6] 
Video Buffer Address Offset [5] 
Video Buffer Address Offset [4] 
Video Buffer Address Offset [3] 


This register contains eight bits of the Video buffer address offset. 


Bit 
7:0 


Description 


Video Buffer Address Offset [10:3]: This value is for both the video window and 
video capture when CR66[6] is ‘0’. The three least-significant bits are always con- 
sidered to be ‘0’. This field is extended with CR3C[5]. The resulting 12-bit value 
specifies the distance in display memory (in bytes) between vertically adjacent pix- 
els. This value is added to the video window address at the end of each scanline 
within the window to obtain the beginning address of the next scanline. The follow- 
ing table shows the bits that make up the complete offset. 


When CR66[6] is ‘1’, this offset is used for the video window, while CR67 contains 
the offset for the capture buffers. 


When interleave addressing is used for video capture, this value is multiplied by 
two. When CR5C[7] is ‘1’, the value 1024 is the capture buffer offset, regardless of 
the programming of this field. 


Address Bits Correspond to 
Linear Address 





Registers CR3C[5] CR3D[7:0] 0 
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6.13 CR3E: Window 1 Master Control 


/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUON 


3D5h 
8 
3Eh 


Description 

Occlusion Enable 

Select YUV Data Range 

Error Diffusion Enable 

Vertical Zoom Mode 

Video Display Format [2] 

Video Display Format [1] 

Video Display Format [0] 

Video Window 1 Master Enable 


This register configures the video windows for the various modes of operation. 


Bit 
7 


November 1996 


Description 


Occlusion Enable: If this bit is set to ‘1’, information in the video windows can be 
overlaid on a pixel-by-pixel basis. This can place video on graphics or graphics on 
video. See Chapter 9, “Programming Notes’, for details. 


Select YUV Data Range: This bit selects between two sets of YUV-to-RGB equa- 
tions. If this bit is ‘1’ full-scale YUV is translated to full-scale RGB. If this bit is ‘0’, 
CCIR601 YUV is translated to full-scale RGB. 


Error Diffusion Enable: If this bit is set to ‘1’, error diffusion is enabled for 
AccuPak-to-YCrCb 4:4:2 conversion. This reduces the contouring resulting from 
the truncated luminance value by inserting random values in place of the missing 
LSBs. If this bit is set to ‘0’, error diffusion is not enabled. 


Vertical Zoom Mode: If this bit is set to ‘1’, line replication is used for vertical zoom- 
ing. If this bit is set to ‘0’, interpolation is used for vertical zooming. An internal line 
buffer allows vertical zooming with interpolation without an increase in bandwidth 
requirement. 
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6.13 CR3E:Window 1 Master Control (cont.) 


Bit Description 
3:1 Video Display Format [2:0]: This 3-bit field specifies the format of the video dis- 


played in the video window. The following table shows the encoding. 






































CR3E[3:1] Format Note 
000 YUV 4:2:2 CCIR601 or full-range selected by CR3E[6] 
001 AccuPak™ Encoded from YCrCb, Excess 128 Cr, Cb 
010 Reserved 
011 YUV 4:2:0 
100 RGB 5:5:5 Auto-decimate if CR3F[4] = 1 
101 RGB 5:6:5 Auto-decimate if CR3F[4] = 1 
110 Reserved 
111 Reserved 
0 Video Window 1 Master Enable: If this bit is set to ‘1’, Video Window 1 is enabled. 


If this bit is set to ‘0’, Video Window 1 is not enabled. When this bit is set to ‘1’, Video 
Window 1 is enabled at the next leading edge of VSYNC. This avoids the require- 
ment for the software to synchronize with VSYNC. When this bit is set to ‘0’, Video 
Window 1 is immediately disabled. 
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6.14 CR3F: Miscellaneous Video Control 


I/O Port Address: 


Size (bits): 
Index: 


ey 
-~ 


O-NWHRUOON 


3D5h 
8 
3Fh 


Description 

VREF Status (Read only) 

Field ID (Read only) 

INTA# Pin Source Select 
Auto-Decimation 

Auto-Decimation Data Mode Select 
Current Capture Buffer Status (Read only) 
VPORT Interrupt Control 

Auto-Decimation Memory Page Bit 


This register contains bits for control/status of miscellaneous video functions. 


Bit 
7 


November 1996 


Description 


VREF State (Read only): This read-only bit follows the Video Port VREF signal 
(EDCLK#). This is realtime status, not latched. 


Field ID (Read only): This read-only bit returns the ID of the current field 
(odd/even). This bit is updated on the active edge of VREF. 


INTA# Pin Source Select: This bit controls the internal interrupt request. If this bit 
is ‘0’, the VGA VSYNC is the interrupt request. If this bit is ‘1’, the video port VREF 
is the interrupt request. 


Auto-Decimation: When this bit is ‘1’, auto-decimation is enabled for YUV16 or 
RGB. For writes to the frame buffer video aperture (the fourth aperture), 1/2 or 3/4 
of the data is not written. The selection between 1/2 or 3/4 data reduction is made 
by CR63[1]. The address offset from the beginning of the aperture is divided by two 
or four. Byte writes are not supported; word and dword writes are supported. This 
allows reduced video data and reduced bandwidth. The horizontal zoom factor is 
typically programmed to two or four to compensate for the data reduction. 


Auto-Decimation Data Mode Select: This bit selects the auto-decimation data 
mode. If this bit is ‘0’>, RGB auto-decimation is selected. If this bit is ‘1’, YUV4:2:2 
auto-decimation is selected. This controls which bits and bytes are discarded by 
the auto-decimation algorithms. 
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6.14 CR3F: Miscellaneous Video Control (cont.) 


Bit Description 


2 Current Capture Buffer Statue (Read only): This read-only bit indicates which 
video buffer is being used as the capture buffer at the last valid falling edge of 
VREF. When CR66[6] is set, use CR6F[3:2] to determine which buffer is being 


























used. 
Buffer 3 Capture Buffer 
CR3F[2] (CL-GD5480) Buffer Pointers (CL-GD5446) 
0 Capture Buffer 1 CR59/CR5A Video buffer 2 
1 Window 1 Source 1 CR3A/CR3B Video buffer 1 
1 VPORT Interrupt Control: If this bit is ‘1’, the VPORT interrupt is enabled. The next 


occurrence of the VPORT VREF (or CCIR656 encoded end of field) is captured in 
GR17[4]. If the INTA# pin is enabled, an interrupt is generated. Clearing this bit 
clears GR17[4] and resets the interrupt request. CR62[0] is not affected by the 
state of this bit but does reflect the interrupt status. After programming this bit to ‘0’, 
the application must program it to ‘1’ if the next VREF is to generate an interrupt. 
The interrupt request is generated on the active edge of VREF. 


0 Auto-Decimation Memory Page Bit: This bit replaces frame buffer memory 
address A21 to select the upper- or lower-2 Mbytes of frame buffer for the 2:1 hor- 
izontally decimated video data from the video aperture. The 4:1 auto-decimation 
feature is expected to be used only when the CL-GD5480 is configured for a 
1-Mbyte frame buffer. In this configuration, A21 is not used. 
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6.15 CR40: Window 2 Pixel Alignment 


I/O Port Address: 


Size (bits): 
Index: 

Bit 

7:6 


o-NWAHRO 


3D5h 
8 
40h 


Description 

Reserved 

Window 2 R2Adjust [1] 

Window 2 R2Adjust [0] 

Window 2 Display Start Address [1] 
Window 2 Display Start Address [0] 
Window 2 R1Adjust [1] 

Window 2 R1Adjust [0] 


This register contains fields that can adjust the start and size of Video Window 1 to any pixel 
boundary. This register is similar to CR5D. 


Bit 


7:6 


5:4 


3:2 


1:0 


Description 


Reserved 


Window 2 R2Adjust [1:0]: This field specifies the number of bytes of graphics to 
add to Region 2 (Video Window 2 itself). This field can adjust the width of Video 
Window 2 to any width. This adjusts the value in CR44. 


Window 2 Display Start Address [1:0]: This is the least-significant two bits of the 
Video Window 2 display start address (CR4A—CR4C). 


Window 2 R1Adjust [1:0]: This field specifies the number of bytes of graphics 
data to add to Window 2 Region 1 (the graphics area to the left of Video Window 2). 
This field can position Video Window 2 at any pixel. 
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6.16 CR43: Window 2 Horizontal Region 1 Size 


I/O Port Address: 


Size (bits): 
Index: 


2 
-— 


O-NWHRUOON 


3D5h 
8 
43h 


Description 

Window 2 R1SZ [7] 
Window 2 R1SZ [6] 
Window 2 R1SZ [5] 
Window 2 R1SZ [4] 
Window 2 R1SZ [3] 
Window 2 R1SZ [2] 
Window 2 R1SZ [1] 
Window 2 R1SZ [0] 


This register contains the least-significant bits of Window 2 Horizontal Region 1 Size. 


Bit 
7:0 


Description 


Window 2 R1SZ [7:0]: The Horizontal Region 1 Size specifies the size of the back- 
ground to the left of Window 2. This register is extended to 10 bits with CR46[1:0]. 
The units are dwords of graphics data transferred to the CRT FIFO from the start 
of a scanline to the left boundary of Window 2 (that is, the last pixel before the win- 
dow begins). Byte granularity can be obtained using R1Adjust. 


Use Equation 6-9 to determine the location of the first pixel of Window 2. 


a2 
GraphicsBPP 


Ri Adjuste 8 


Region|\Size = ( GraphicsBPP 


e R1SZ)+ ( ) Equation 6-9 


Use Equation 6-10 to calculate the value to program into the field, given the desired 
left edge. 


Region|SizeinPixels 


R1SZ = —— 2 
GraphicsPixelsPerDWORD 


Equation 6-10 


Refer to Chapter 9, “Programming Notes”, for detailed information. 

If CR1A[1] is ‘1’, this field is buffered. Data written to this field is held until a write 
to CR47. The new data is returned if the register is read, but does not transfer to 
the hardware. On the next VSYNC after the write to CR47, the data transfers to the 
hardware. 
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6.17 CR44: Window 2 Region 2 Width 


I/O Port Address: 
Size (bits): 
Index: 


w 
- 


O-NWHRUON 


3D5h 
8 
44h 


Description 

Window 2 R2SZ [7] 
Window 2 R2SZ [6] 
Window 2 R2SZ [5] 
Window 2 R2SZ [4] 
Window 2 R2SZ [3] 
Window 2 R2SZ [2] 
Window 2 R2SZ [1] 
Window 2 R2SZ [0] 


This register contains the least-significant bits of Window 2 Horizontal Region 2 Width. 


Bit 
7:0 


Description 


Window 2 R2SZ [7:0]: The Horizontal Region 2 Width is the size of the overlaid 
region in the background that is skipped for each scanline in the window. This field 
is extended to 10 bits with CR46[3:2]. The units are the dwords of graphics data 
that would have been transferred to the FIFO, but are not because the correspond- 
ing region on the screen displayed the window. Byte granularity can be obtained 
using R2Adjust. Use Equation 6-11 to calculate the actual size in pixels. 


a2 
GraphicsBPP 


R2Adust @ 8 


Region2Size = ( GraphicsBPP 


° R2SZ)+ ( ) Equation 6-11 


Use Equation 6-12 to calculate the value to program, given the desired window 
width. 


Window2WidthInPixels 
GraphicsPixelsPerDWORD quation 


See Chapter 9, “Programming Notes”, for details. 
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6.18 CR45: Window 2 Region 2 Source Data Size 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 45h 


2 
-— 


Description 

Window 2 R2SDZ [7] 
Window 2 R2SDZ [6] 
Window 2 R2SDZ [5] 
Window 2 R2SDZ [4] 
Window 2 R2SDZ [3] 
Window 2 R2SDZ [2] 
Window 2 R2SDZ [1] 
Window 2 R2SDZ [0] 


O-NWHRUOON 


This register contains the least-significant bits of Window 2 Region 2 source data size. 
Bit Description 


7:0 Window 2 R2SDZ [7:0]: The Window 2 Horizontal Region 2 source data size spec- 
ifies the number of dwords of video data that must be fetched for the window. This 
is extended to 10 bits with CR46[5:4]. This value can be calculated by evaluating 
Equation 6-13. 


Region2SizeinPixels 
32 
VideoBPP 


Region2SDSize = Equation 6-13 


See Chapter 9, “Programming Notes’, for details. If CR1A[1] is set, this register is 
the last to write to set up Window 2. 
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6.19 CR46: Window 2 Horizontal Overflow 


1/O Port Address: 


Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
46h 


Description 

Video Window 2 Mirror 
Reserved 

Window 2 R2SDZ [9] 
Window 2 R2SDZ [8] 
Window 2 R2SZ [9] 
Window 2 R2SZ [8] 
Window 2 R1SZ [9] 
Window 2 R1SZ [8] 


This register contains bits that extend each of the three horizontal fields for Video Window 2 to 10 


bits. 
Bit 
7 


5:4 


3:2 


1:0 


Description 


Video Window 2 Mirror: If this bit is ‘1’, the video displayed in Video Window 2 is 
mirrored. The address decrements as each scanline of video is fetched for display. 
Program the beginning address to the last pixel in the first scanline; the offset is 
added after each scanline is fetched for display. 


Reserved 


Window 2 R2SDZ [9:8]: These two bits extend the Region 2 Source Data Size to 
10 bits. The least-significant eight bits are contained in register CR45. 


Window 2 R2SZ [9:8]: These two bits extend the Region 2 Size to 10 bits. The 
least-significant eight bits are contained in register CR44. 


Window 2 R1SZ [9:8]: These two bits extend the Region 1 Size to 10 bits. The 
least-significant eight bits are contained in register CR43. If CR1A[1] is ‘1’, this field 
is buffered. Data written to this field is held until a write to CR47. The new data is 
returned if the register is read, but does not transfer to the hardware. On the next 
VSYNC after the write to CR47, the data transfers to the hardware. 
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6.20 CR47: Window 2 Vertical Start 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 47h 


2 
- 


Description 

Window 2 WVS [7] 
Window 2 WVS [6] 
Window 2 WVS [5] 
Window 2 WVS [4] 
Window 2 WVS [3] 
Window 2 WVS [2] 
Window 2 WVS [1] 
Window 2 WVS [0] 


O-NWHRUOON 


This register contains the least-significant bits of the Window 2 vertical start. 


Bit Description 
7:0 Window 2 WVS [7:0]: The Window 2 vertical start specifies the first scanline that 


contains the window. This is extended to 10 bits with CR49[1:0]. Combined with the 
Window 2 Vertical End value, this defines the vertical extent of the window. 


If CR17[2] is programmed to ‘1’, the vertical counter is clocked with every other 
HSYNC. This allows 1280 or 1600 active (anything more than 1023 total) scanlines 
to be programmed. If CR17[2] is ‘1’, then CR39[4] determines which HSYNC is 
used to trigger the vertical window start. 


When CR1A[1] is ‘1’, this register must be written last in the window setup proce- 
dure. 
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6.21 CR48: Window 2 Vertical End 


I/O Port Address: 
Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
48h 


Description 

Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 
Window 2 WVE [7] 


This register contains the least-significant bits of Window 2 vertical end. 


Bit 
7:0 


Description 


Window 2 WVE [7:0]: The Window 2 vertical end specifies the last scanline that 
contains the window. This field is extended to 10 bits with CR49[3:2]. Combined 
with the 2 Window 2 Vertical Start value, this defines the vertical extent of the win- 
dow. 

If CR17[2] is programmed to ‘1’, the vertical counter is clocked with every other 
HSYNC. This allows 1280 or 1600 scanlines to be programmed. If CR17[2] is ‘1’, 
then CR49[5] determines which HSYNC is used to trigger the vertical window end. 
If CR1A[1] is ‘1’, this field is buffered. Data written to this field is held until a write 
to CR47. The new data is returned if the register is read, but does not transfer to 
the hardware. On the next VSYNC after the write to CR47, the data transfers to the 
hardware. 
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6.22 CR49: Window 2 Vertical Overflow 
I/O Port Address: 3D5h 


Size (bits): 8 

Index: 49h 

Bit Description 

7:6 Reserved 

5 Window 2 Vertical End Odd/Even Line Select 
4 Window 2 Vertical Start Odd/Even Line Select 
3 Window 2 WVE [9] 

2 Window 2 WVE [8] 

1 Window 2 WVS [9] 

0 Window 2 WVS [8] 


This register contains bits that extend each of two vertical fields to 10 bits. 


Bit Description 
£6 Reserved 
5 Window 2 Vertical End Odd/Even Line Select: This bit is used only when 


CR17[2] is ‘1’ to double the vertical counts. This bit selects whether the window ver- 
tical end is triggered from an even or odd HSYNC. If CR1A[1] is ‘1’, this field is buff- 
ered. Data written to this field is held until a write to CR37. On the next VSYNC after 
the write to CR37, the data transfers to this register. 


4 Window 2 Vertical Start Odd/Even Line Select: This bit is used only when 
CR17[2] is ‘1’ to double the vertical counts. This bit selects whether the window ver- 
tical start is triggered from an even or odd HSYNC. If CR1A[1] is ‘1’, this field is buff- 
ered. Data written to this field is held until a write to CR47. The new data is returned 
if the register is read, but does not transfer to the hardware. On the next VSYNC 
after the write to CR47, the data transfers to the hardware. 


3:2 Window 2 WVE [9:8]: These two bits extend the Window 2 vertical end to 10 bits. 
The least-significant eight bits are contained in register CR48. If CR1A[1] is ‘1’, this 
field is buffered. Data written to this field is held until a write to CR47. The new data 
is returned if the register is read, but does not transfer to the hardware. On the next 
VSYNC after the write to CR47, the data transfers to the hardware. 


1:0 Window 2 WVS [9:8]: These two bits extend the Window 2 vertical start to 10 bits. 
The least-significant eight bits are contained in register CR47. If CR1A[1] is ‘1’, this 
field is buffered. Data written to this field is held until a write to CR47. The new data 
is returned if the register is read, but does not transfer to the hardware. On the next 
VSYNC after the write to CR47, the data transfers to the hardware. 
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6.23 CR4A-—CR4B: Window 2 Source Address Byte 0, 1 


I/O Port Address: 
Size (bits): 
Index: 


wo 
- 


O-NWHRUION 


3D5h 
16 
4Ah, 4Bh 


Description 

Window 2 Source Address [9] / [17] 
Window 2 Source Address [8] / [16] 
Window 2 Source Address [7] / [15] 
Window 2 Source Address [6] / [14] 
Window 2 Source Address [5] / [13] 
Window 2 Source Address [4] / [12] 
Window 2 Source Address [3] / [11] 
Window 2 Source Address [2] / [10] 


These two registers contain the least-significant bits of the Window 2 source address. The buffer 
pointed to by this field is referred to as ‘W2S’. 


Bit 
15:0 


Description 


Window 2 Source Address [17:2]: This field contains bits [17:2] of the Window 2 
source address. This is extended to 22 bits with CR4C[3:0] and CR40[3:2] as 
shown in the following table. 


Address Bits Correspond to 
4-Mbyte Linear Address 








Window 2 source address CR4C[3:0] | CR4B[7:0] | CR4A[7:0] | CR40[3:2] 








This is the only buffer used for the Window 2 display video. 
See Chapter 9, “Programming Notes”, for details. 








November 1996 


6-30 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual VIDEO CAPTURE AND WINDOW REGISTERS 


6.24 CR4C: Window 2 Source Address Byte 2 


/O Port Address: 


Size (bits): 
Index: 

Bit 

7:6 


o-NWAHRO 


3D5h 
8 
4Ch 


Description 

Reserved 

Window 2 Video Address Offset [11] 
Access UV Buffer Start Registers 
Window 2 Source Address [21] 
Window 2 Source Address [20] 
Window 2 Source Address [19] 
Window 2 Source Address [18] 


This register contains the four most-significant bits of the Window 2 Source Address field and an 
upper bit of the video address offset. 


Bit 
7:6 
5 


3:0 


Description 
Reserved 


Video Address Offset [11]: This bit extends the video address offset to 9 bits. The 
least-significant bits are contained in CR4D. 


Access UV Buffer Start Registers: When this bit is ‘1’, the registers containing 
the start address of the UV matrix are accessed by writes and reads to the window 
1 source 1 (CR3A, CR3B, CR3C) and window 1 source 2 (CR60, CR61, CR63). 
When this bit is ‘0’, the registers containing the start address of the Y matrix are 
accessed by writes and reads to CR3A, CR3B, and CR38C and CR60, CR61, and 
CR63. 


Window 2 Source Address [21:18]: These four bits extend the Window 2 source 
address to 22 bits. The least-significant bits are contained in registers CR4A, 
CR4B, and CR40. See Section 6.23 on page 6-30 to see the complete 22-bit 
address. 
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6.25 CR4D: Window 2 Buffer Address Offset 


I/O Port Address: 
Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
4Dh 


Description 

Window 2 Address Offset [10] 
Window 2 Address Offset [9] 
Window 2 Address Offset [8] 
Window 2 Address Offset [7] 
Window 2 Address Offset [6] 
Window 2 Address Offset [5] 
Window 2 Address Offset [4] 
Window 2 Address Offset [3] 


This register contains eight bits of the Window 2 buffer address offset. 


Bit 
7:0 


Description 


Window 2 Address Offset [10:3]: This value is for Video Window 2. The three 
least-significant bits are always considered to be ‘0’. This field is extended with 
CR4C[5]. The resulting 12-bit value specifies the distance in display memory (in 
bytes) between vertically-adjacent pixels. This value is added to the Video Window 
2 address at the end of each scanline within the window to obtain the beginning 
address of the next scanline. The following table shows the bits that comprise the 
complete offset. 


Address Bits Correspond to 
Linear Address 











Window 2 offset CR4C[5] | CR4D[7:0] | 0 
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6.26 CR4E: Window 2 Control 


1/O Port Address: 


Size (bits): 
Index: 


Bit 
7 
6:1 
0 


3D5h 
8 
4Eh 


Description 

Window 2 Occlusion Enable 
Reserved 

Enable Window 2 


This register contains the fundamental control bits for Video Window 2. Additional bits may be 
assigned in this register in future products. 


Bit 
7 


6:1 


Description 


Window 2 Occlusion Enable: If this bit is ‘0’, Video Window 2 is displayed over 
the corresponding graphics pixels. This does not require that Video Window 1 
occlusion be enabled. If this bit is ‘1’, Video Window 2 uses the Video Window 1 
occlusion controls. 


Reserved 


Enable Window 2: If this bit is ‘1’, Video Window 2 is enabled. 
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6.27 CR4F: Window 2 Miscellaneous Control 
I/O Port Address: 3D5h 


Size (bits): 8 

Index: 4Fh 

Bit Description 

7:2 Reserved 

1 Window Priority [1] 
0 Window Priority [0] 


This register contains bits that specify some details of Video Window 2. 


Bit Description 
7:2 Reserved 
1:0 Window Priority [1:0]: This field is used to control the display priority between 


overlapping windows, as summarized in the following table. 





CR4F[1:0] | Window Priority 


00 Window 1 on top of Window 2 





01 Window 2 on top of Window 1 
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6.28 CR50: Video Capture Control 


1/O Port Address: 


Size (bits): 
Index: 


2 
- 


O-NWHRUOON 


3D5h 
8 
50h 


Description 

Capture Alternate Fields 

Interlaced Video Capture Mode 
Invert Capture Clock 

Reserved 

Enable Double Edge Capture Clock 
Capture Alternate Fields 

Video Pins Configuration [1] 

Video Pins Configuration [0] 


This register controls the Video Capture port. 


Bit 
7 


Description 


Capture Alternate Fields: This bit, in conjunction with CR50[2], specifies which 
video fields to capture. 


Interlaced Video Capture Mode: If this bit is ‘1’, the interlaced capture address is 
generated. Odd fields are captured beginning at the capture buffer address plus 
the capture offset. Scanlines are separated by twice the capture offset. This bit 
must be ‘0’ if either CR50[7] or CR50[2] are ‘1’. 


Invert Capture Clock: If this bit is ‘1’, the capture clock input on the DCLK 
(PIXCLK) pin is inverted internally. This can help with some data timing problems. 


Reserved 


Enable Double Edge Capture Clock: If this bit is ‘1’, the VPORT is configured to 
capture data on both edges of DCLK (PIXCLK). This provides for capturing 16-bit 
data using an 8-bit port. The first byte of each pixel is captured on the rising clock 
edge. The second byte of each pixel is captured on the following falling clock edge. 
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6.28 CR50: Video Capture Control (cont) 


Bit 
2 


1:0 











Description 
Capture Alternate Fields: This bit, with CR50[7], specifies which video fields to 
capture. 
CR51[3] | CR50[7] | CR50[2] | Capture 
0 X Xx Capture disabled 
1 0 0 Capture every field 
1 0 1 Capture alternate fields 
1 1 0 Capture odd (or alternate) fields 
1 1 1 Capture alternate odd (every fourth) field 























Video Pins Configuration [1:0]: This field controls the configuration of the video 
pins. These pins are P[7:0], ESYNC#, EVIDEO#, EDCLK#, DCLK, and BLANK#. 














CR50[1:0] | Configuration 
00 Standard feature connector 
01 CCIR601 data stream input 
10 Video capture: rising edge on HREF ends line 
11 Video capture: falling edge on HREF ends line 
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6.29 CR51: Video Capture Data Format 


/O Port Address: 


Size (bits): 
Index: 

Bit 

7:5 

4 


3 
2 
1 
0 


3D5h 
8 
5ih 


Description 


Reserved 


Capture Shrink Method 
Enable Video Capture 
Video Capture Format [2] 
Video Capture Format [1] 
Video Capture Format [0] 


This register controls the video capture port. 


Bit 
7:5 


4 


2:0 


Description 


Reserved 


VIDEO CAPTURE AND WINDOW REGISTERS 


Capture Shrink Method: If this bit is ‘0’ the CL-GD5480 uses 1/2**n capture shrink 
(data reduction). This is compatible with the CL-GD5446. If this bit is ‘1’, the 
CL-GD5480 uses continuously variable capture shrink. This bit controls both hori- 
zontal and vertical capture shrink. 


Enable Video Capture: When this bit is ‘1’, video capture is enabled. The 
CL-GD5480 captures fields of video as specified in CR50[7], CR50[2], and 
CR58[6]. Video capture does not start in the middle of a field; this bit is examined 
on VREF falling edges. 


Video Capture Format [2:0]: This field specifies the video capture format, as 
defined in the following table: 

















CR51[2:0] Format Note 
000 YUV16 
001 RGB16 5:5:5 or 5:6:5 
010 AccuPak 
011 YUV-to-AccuPak 
100 Reserved 
101 Reserved 





110 


YUV 4:2:2-to-YUV 4:2:0 


Enables R/W access to UV matrix capture buffers 





111 








‘Y’ data capture only 





Used for luminance-only capture without video 
display. Requires YUV 4:2:2 data input 
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6.30 CR52: Video Capture Buffers 1 and 2 Horizontal Shrink 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 52h 


w 
-~ 


Description 

Horizontal Shrink Control [7] 
Horizontal Shrink Control [6] 
Horizontal Shrink Control [5] 
Horizontal Shrink Control [4] 
Horizontal Shrink Control [3] 
Horizontal Shrink Control [2] 
Horizontal Shrink Control [1] 
Horizontal Shrink Control [0] 


O-NWHRUOON 


This register controls capture shrink in the horizontal dimension for Capture Buffers 1 and 2 (CB1 
and CB2). This shrink occurs as the video is captured. 


Bit Description 


70 Horizontal Shrink Control [7:0]: When video is being captured, pixels can be fil- 
tered, according to this field and CR51[4]. If this field is programmed to ‘0’, data 
reduction is disabled. See CR6F[7:6] for notes about filtering this shrink operation. 
If CR51[4] is ‘1’, the eight-bit field controls a shrink of n/256 where n is the value, 
and the n/256 pixels are retained. The pixels to be dropped are evenly distributed. 
All values of n are usable. If n is ‘0’, data reduction is disabled. 

If CR51[4] is ‘0’, this field is interpreted the same as for the CL-GD5446. Bits 2:0 
control data reduction as summarized in the following table. Bits 7:3 must be pro- 
grammed to ‘0’. 























CR52[2:0] | Data Reduction 
000 Disabled 
001 Retain every 2nd pixel 
010 Retain every 4th pixel 
011 Retain every 8th pixel 
100 Retain every 16th pixel 
101 Retain every 32nd pixel 
110 Reserved 
114 Reserved 
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6.31 CR53: Video Capture Buffers 1 and 2 Vertical Shrink 


I/O Port Address: 3D5h 


Size (bits): 8 
Index: 53h 
Bit Description 
7 

6 

5 

4 

3 

2 

1 

0 


Vertical Shrink Control [7] 
Vertical Shrink Control [6] 
Vertical Shrink Control [5] 
Vertical Shrink Control [4] 
Vertical Shrink Control [3] 
Vertical Shrink Control [2] 
Vertical Shrink Control [1] 
Vertical Shrink Control [0] 


This register controls vertical shrink for Capture Buffers 1 and 2 (CB1 and CB2). This shrink 
occurs as the video is captured. 


Bit Description 
7:0 Vertical Shrink Control [7:0]: When video is being captured, scanlines can be 


dropped, according to this field and CR51[4]. If this field is programmed to ‘0’, 
shrink is disabled. 
If CR51[4] is ‘1’, the eight-bit field controls a shrink of n/256 where n is the value, 
and the n/256 scanlines are retained. The scanlines to be dropped are evenly dis- 
tributed. All values of n are usable. If n is ‘0’, data reduction is disabled. 

If CR51[4] is ‘0’, this field is interpreted the same as for the CL-GD5446. Bits 2:0 
control data reduction as summarized in the following table. Bits 7:3 must be pro- 
grammed to ‘0’. 


CR52[2:0] 


000 


Data Reduction 


Disabled 





001 


Retain every 2nd scanline 





010 


Retain every 4th scanline 





011 


Retain every 8th scanline 





100 


Retain every 16th scanline 





101 


Retain every 32nd scanline 





110 


Reserved 





111 








Reserved 
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6.32 CR54: Video Capture Horizontal Delay 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 54h 


ey 
-~ 


Description 

Video Capture Horizontal Delay [7] 
Video Capture Horizontal Delay [6] 
Video Capture Horizontal Delay [5] 
Video Capture Horizontal Delay [4] 
Video Capture Horizontal Delay [3] 
Video Capture Horizontal Delay [2] 
Video Capture Horizontal Delay [1] 
Video Capture Horizontal Delay [0] 


O-NWHRUOON 


This register controls left-edge clipping of captured data. This applies to Capture Buffers 1 and 2. 
This count is applied before scaling and filtering. 


Bit Description 


7:0 Video Capture Horizontal Delay [7:0]: This value set the number of valid video 
words to count from HREF to the first captured data. This allows data on the left 
edge of each captured frame to be clipped (discarded). This field is extended to 10 
bits in CR5F. 
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6.33 CR55: Video Capture Horizontal Width 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 55h 


2 
- 


Description 

Video Capture Horizontal Width [7] 
Video Capture Horizontal Width [6] 
Video Capture Horizontal Width [5] 
Video Capture Horizontal Width [4] 
Video Capture Horizontal Width [3] 
Video Capture Horizontal Width [2] 
Video Capture Horizontal Width [1] 
Video Capture Horizontal Width [0] 


O-NWHRUOON 


This register controls the number of dwords of video data to capture (following horizontal decima- 
tion) on each captured scanline. This applies to Capture Buffers 1 and 2. This count is applied after 
scaling, filtering, and left-clipped words. 


Bit Description 


7:0 Video Capture Horizontal Width [7:0]: These values set the number of valid 
dwords to capture for each scanline. This count applies after horizontal data reduc- 
tion. This field is expanded to nine bits in CR5F[2]. This field must be programmed 
to ‘0’ unless CR66[6] is ‘1’. 
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6.34 CR56: Video Capture Vertical Delay 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 56h 


w 
-~ 


Description 

Video Capture Vertical Delay [7] 
Video Capture Vertical Delay [6] 
Video Capture Vertical Delay [5] 
Video Capture Vertical Delay [4] 
Video Capture Vertical Delay [8] 
Video Capture Vertical Delay [2] 
Video Capture Vertical Delay [1] 
Video Capture Vertical Delay [0] 


O-NWHRUOON 


This register controls clipping on the top of captured data and also quantifies Closed Caption and 
VBI capture. This applies to Capture Buffers 1 and 2. 


Bit Description 

7:0 Video Capture Vertical Delay [7:0]: If luminance-only capture is not enabled, this 
register specifies the number of scanlines at the top of the field to skip (top clip- 
ping). 


If Closed Caption is enabled, this register specifies the scanline to capture (lumi- 
nance-only). If Teletext (VBI) capture is enabled, this register specifies the number 
of lines of VBI data to capture without shrinking or clipping. 


CR5C[6:5] CR56 Interpretation 











X0 Normal video capture Vertical delay (top-edge clipping) 
01 Closed Caption One scanline at register CR56 value 
11 Teletext (VBI) Capture all valid data up to CR56 value, 





then apply shrinking 














November 1996 6-42 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual VIDEO CAPTURE AND WINDOW REGISTERS 


6.35 CR57: Video Capture Maximum Height 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 57h 


wo 
- 


Description 

Video Capture Maximum Height [7] 
Video Capture Maximum Height [6] 
Video Capture Maximum Height [5] 
Video Capture Maximum Height [4] 
Video Capture Maximum Height [3] 
Video Capture Maximum Height [2] 
Video Capture Maximum Height [1] 
Video Capture Maximum Height [0] 


O-NWHRUOON 


This register specifies the maximum number of scanlines of video data to be captured (after ver- 
tical capture shrink). This applies to Capture Buffers 1 and 2. 


Bit Description 


7:0 Video Capture Maximum Height [7:0]: This field specifies the maximum number 
of scanlines of video data per field. This field is extended to 10 bits in CR58. This 
is a count of actually captured scanlines and does not include lines clipped at the 
top, or scanlines skipped due to vertical data reduction. 








Copyright 1996 — Cirrus Logic Inc. 6-43 November 1996 


VIDEO CAPTURE AND WINDOW REGISTERS CL-GD5480 Technical Reference Manual 


6.36 CR58: Video Capture Miscellaneous Control 


I/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUON 


3D5h 
8 
58h 


Description 

Video Capture Vertical Delay [8] 
Reverse Odd/Even Field Decode Sense 
Video Capture Maximum Height [8] 
Video Capture Maximum Height [9] 
Capture Buffer 1 Start Address [21] 
Capture Buffer 1 Start Address [20] 
Capture Buffer 1 Start Address [19] 
Capture Buffer 1 Start Address [18] 


This register contains the four most-significant bits of the Video Buffer 2 start address. 


Bit 
7 


3:0 


Description 


Video Capture Vertical Delay [8]: This bit extends the video capture vertical delay 
(CR56) to nine bits. 


Reverse Odd/Even Field Decode Sense: If this bit is ‘1’, field decoder sense is 
inverted. This applies to the HREF/VREF phase and to the CCIR656 input. See the 
timing diagram for Even/Odd Field timing in Chapter 11, “Electrical Specifications’. 


Video Capture Maximum Height [8]: This bit extends the field in register CR57 to 
nine bits. Note that this bit and CR58[4] are out of sequential order. 


Video Capture Maximum Height [9]: This bit extends the field in register CR57 to 
ten bits. Note that this bit and CR58[5] are out of sequential order. 


Capture Buffer 1 Start Address [21:18]: This field extends the starting address 
of Capture Buffer 1 to 22 bits. See Section 6.37. When CR51[2:0] is ‘110’, this pro- 
vides read/write access to the address of the chrominance capture matrix. 
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6.37 CR59—-CR5A: Video Capture Buffer 1 Start Address Byte 1, 0 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 59h, 5Ah 


wo 
- 


Description 

Video Capture Buffer 1 Start Address [9] / [17] 
Video Capture Buffer 1 Start Address [8] / [16] 
Video Capture Buffer 1 Start Address [7] / [15] 
Video Capture Buffer 1 Start Address [6] / [14] 
Video Capture Buffer 1 Start Address [5] / [13] 
Video Capture Buffer 1 Start Address [4] / [12] 
Video Capture Buffer 1 Start Address [3] / [11] 
Video Capture Buffer 1 Start Address [2] / [10] 


O-NWHRUOON 


This register pair contains 16 bits of the Video Capture Buffer 1 start address. This buffer is 
referred to ‘CB1’. 


Bit Description 


7:0 Video Capture Buffer 1 Start Address [17:2]: These two registers contain 16 bits 
of the Video Capture Buffer 1 start address. The following table indicates how the 
bits are assigned. 


Address Bits 
Correspond to 21:18 17:10 9:3 2 1:0 
4-Mbyte Linear Address 


Capture buffer case CR58[3:0] | CR5A[7:0] | CR59[7:1] 0 0 





Display buffer case# CRS58[3:0] | CRS5A[7:0] | CR59[7:1] | CR59[0] | CR5D[3:2] 





























4 Only when CR66[6] is ‘0’. 


When Video Capture Buffer 1 is used as a capture buffer, CR59[0] is ignored and 
the capture buffer starts on a qword boundary. When Video Capture Buffer 1 is 
used as a display buffer, CR59[0] is used and corresponds to linear address bit 2. 


When CR51[2:0] is ‘110’, this provides read/write access to the address of the 
chrominance capture matrix. 
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6.38 CR5B: Video Window Brightness Adjust 


I/O Port Address: 
Size (bits): 
Index: 


Bit 
7:5 
4 


3 
2 
1 
0 


3D5h 
8 
5Bh 


Description 

Reserved 

Video Window Brightness Adjust [4] 
Video Window Brightness Adjust [3] 
Video Window Brightness Adjust [2] 
Video Window Brightness Adjust [1] 
Video Window Brightness Adjust [0] 


The value in this register increases the luminance (brightness) of all YUV pixels in the video win- 


dows. 
Bit 
7:5 


4:0 


Description 


Reserved 


Video Window Brightness Adjust [4:0]: This value is added to the Y data (lumi- 
nance) for all pixels in both video windows. If the result of the addition is greater 
than 255, it is forced to 255. This function is used when the video display format 
(Section 6.13) is YUV 4:2:2 and YUV 4:2:0. This feature allows a modest increase 
in brightness for MPEG playback. 
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6.39 CR5C: Luminance-Only Capture Control 


I/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUOON 


3D5h 
8 
5Ch 


Description 

Enable Alternate Offset 

Luminance-only Capture [1] 
Luminance-only Capture [0] 

Enable Alternate FIFO Threshold Setting 
Alternate FIFO Threshold Setting [3] 
Alternate FIFO Threshold Setting [2] 
Alternate FIFO Threshold Setting [1] 
Alternate FIFO Threshold Setting [0] 


This register controls luminance-only capture and provides an alternate FIFO threshold control. 


Bit 
7 


6:5 


3:0 


Description 


Enable Alternate Offset: If this bit is ‘1’, the capture buffer address offset that is 
used during VBI capture is specified in CR5F[7:4]. The value in CR5F[7:4] times 
256 is added to the capture buffer address after each line of VBI video is captured. 


Luminance-only Capture [1:0]: This field, in conjunction with the Video Capture 
Vertical Delay field in CR56, controls luminance-only capture. 








CR5C[6] | CR5C[5] Case CR56 Interpretation 
X 0 Luminance-only capture | Vertical delay (top-edge clipping) 
disabled 
0 1 Closed Caption One scanline at register CR56 value 
1 1 TeleText (VBI) All valid data to register CR56 value 























Enable Alternate FIFO Threshold Setting: If this bit is ‘1’, the alternate FIFO 
threshold setting in CR5C[3:0] is used for scanlines containing an active video win- 
dow in place of SR16[3:0]. 


Alternate FIFO Threshold Setting [3:0]: This field is the alternate FIFO threshold 
setting. This field is typically set to a value higher than the primary threshold setting 
in SR16[3:0]. 
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6.40 CR5D: Window 1 Pixel Alignment 
I/O Port Address: 3D5h 


Size (bits): 8 

Index: 5Dh 

Bit Description 

7:6 Reserved 

o Window 1 R2Adjust [1] 

4 Window 1 R2Adjust [0] 

3 Window 1 Display Start Address [1] 
2 Window 1 Display Start Address [0] 
1 Window 1 R1Adjust [1] 

0 Window 1 R1Adjust [0] 


This register contains fields that can adjust the start and size of Video Window 1 to any pixel 


boundary. 

Bit Description 

7:6 Reserved 

5:4 Window 1 R2Adjust [1:0]: This field specifies the number of bytes of graphics 
data to add to Region 2 (the video window itself). This field can adjust the width of 
Video Window 1 to any pixel width. See CR34 on page 6-8. 

3:2 Window 1 Display Start Address [1:0]: This is the least-significant two bits of the 
video window display start address. These bits can be included in the address of 
the Window 1 Source 1 (W1S1) (CR38A/CR3B/CR3C), Capture Buffer 1 (CB1) 
(CR59,CR5A/CR5B), and Window 1 Source 2 (W1S2) (CR60/CR61/CR63), but 
only when the respective buffer is the display buffer. 

1:0 Window 1 R1Adjust [1:0]: This field specifies the number of bytes of graphics 


data to add to Region 1 (the graphics area to the left of Video Window 1). This field 
can position the video window at any pixel. 
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6.41 


VIDEO CAPTURE AND WINDOW REGISTERS 


CR5E: Double-Buffer Control 


1/O Port Address: 


Size (bits): 
Index: 

Bit 

7:6 


oOo-NWAO 


3D5h 
8 
5Eh 


Description 

Reserved 

Video Window 1 Double Buffer Control [1] 
Video Window 1 Double Buffer Control [0] 
Reserved 

Graphics Double Buffer Control [2] 
Graphics Double Buffer Control [1] 
Graphics Double Buffer Control [0] 


This register contains fields that control video double buffering and graphics double buffering. 


Bit 
7:6 


5:4 


Description 
Reserved 


Video Window 1 Double Buffer Control [1:0]: When (CR66[6] is ‘0’, with Capture 
Buffer 2 enabled, this field controls which buffer is displayed, but does not control 
the capture buffer. 


CR5E[5:4] Display (CR66[6] = 1) 

















00 CR3A/CR3B/CR3C (W181) 

01 CR60/CR61/CR63 (W1S2) 

10 CR6F[3:2] = 01: Switch to W1S1 for next window on VREF complete 
CR6F[3:2] = 10: Switch to W1S2 for next window on VREF complete 

11 Auto-switch between W1S1 and W1S2 on BitBLT completion 





In CL-GD5446 compatibility mode (CR66[6] is ‘0’), this field controls how the 
CL-GD5480 switches between the buffers used for video capture and window 1 
display. This is summarized in the following table. 











CR5E[5:4] Capture Display 









CR59/CR5A/CR58 (CB1) 
CR8A/CR3B/CR8C (W181) CR59/CR5A/CR58 (CB1) 


CR3A/CR3B/CR3C (W181) 














Auto-switch buffers on VREF; CR3F[2] indicates current capture buffer 





Auto-switch buffer on BitBLT completion (GR33[4] = 1) 
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6.41 CR5E: Double-Buffer Control (cont) 


Bit Description 
3 Reserved 
2:0 Graphics Double Buffer Control [2:0]: This field controls the two buffers used for 


graphics display. Graphics Buffer 1 always starts at the beginning of the frame 
buffer; Graphics Buffer 2 starts at the location specified in the Screen Start A reg- 
isters (CRC, CRD, and so on). 





























CR5E[2:0] Function Note 
000 Compatible VGA display start address controls - 
001 VSYNC switching (LCD shutter 3D glasses) 
010 Forces Graphics Buffer 1 as display Beginning of frame buffer 
011 Forces Graphics Buffer 2 as display CRC, CRD, and so on 
100 A18 controls switching (‘1’ selects GB-1) A(21:19] = 000 
101 A19 controls switching (‘1’ selects GB-1) A(21:20] = 00 
110 Reserved = 
111 BitBLT switches graphics buffer GR33[4] = 1 
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6.42 CR5F: Video Capture Clipping Overflow 


I/O Port Address: 


Size (bits): 
Index: 


2 
- 


O-NWHRUOON 


3D5h 
8 
5Fh 


Description 

VBI Offset [11] 

VBI Offset [10] 

VBI Offset [9] 

VBI Offset [8] 

Reserved 

Video Capture Horizontal Width [8] 
Video Capture Horizontal Delay [9] 
Video Capture Horizontal Delay [8] 


This register contains bit that extend the capture clipping values. 


Bit 
7:4 


1:0 


Description 


VBI Offset [11:8]: If CR5C[7] is ‘1’, this field specifies the capture buffer offset dur- 
ing VBI capture. This value is multiplied by 256 and added to the capture buffer 
address at the end of each scanline of luminance-only data. If this value is ‘0’, the 
VBI data is stored with no space between scanlines. 


Reserved 


Video Capture Horizontal Width [8]: This bit extends the Video Capture Horizon- 
tal Width field (CR55) to 9 bits (only when CR66[6] = 1). 


Video Capture Horizontal Delay [9:8]: This field extends the Video Capture Hor- 
izontal Delay field (CR54) to 9 bits. 
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6.43 CR60—CR61: Window 1 Source 2 Start Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 60h, 61h 


wo 
- 


Description 

Window 1 Source 2 Start Address [9] / [17] 
Window 1 Source 2 Start Address [8] / [16] 
Window 1 Source 2 Start Address [7] / [15] 
Window 1 Source 2 Start Address [6] / [14] 
Window 1 Source 2 Start Address [5] / [13] 
Window 1 Source 2 Start Address [4] / [12] 
Window 1 Source 2 Start Address [3] / [11] 
Window 1 Source 2 Start Address [2] / [10] 


O-NWHRUON 


This register pair contains the address of the alternate video buffer for Window 1 when CR66[6] 
is ‘1’. The most-significant four bits of this address are in CR63[7:4]. This buffer is referred to as 


‘W182’. 
Bit Description 
7:0 Window 1 Source 2 Start Address [17:2]: This field contains bits [17:2] of the 


second source buffer for Window 1. This field is extended to 22 bits with CR63[7:4] 
and CR5D[3:2]. The following table shows all three buffers that can be used for the 
video for Window 1. 


Address Bits 
Correspond to 4-Mbyte 21:18 17:10 9:2 1:0 
Linear Address 


Window 1 Source 1 (W1S1) CR3C[3:0] | CR3B[7:0] | CR3A[7:0] | CR5D[3:2] 





Window 1 Source 2 (W182) CR63[7:4] | CR61[7:0] | CR60[7:0] | CRSD[3:2] 





Video Capture Buffer 1 (CB1) CR58[3:0] | CR5A[7:0] | CR59[7:0] | CR5D[3:2] 























4 Only when CR66[6] is ‘0’. 


If independent double buffering is being used (CR66[6]=1), this buffer can alternate 
with the Video Window Source buffer for Window 1 (see CR5E[5:4] on page 6-49). 


When CR4C[4] is ‘1’, these addresses (CR60/CR61/CR63) point to an alternate 
set of registers used for the UV buffers. 


See Chapter 9, “Programming Notes”, for details. 
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6.44 CR62: Interrupt Source and Status 


I/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUOON 


3D5h 
8 
62h 


Description 

Capture Overrun Count [2] 

Capture Overrun Count [1] 

Capture Overrun Count [0] 

BitBLT Complete IRQ Status 

Video Stream Engine Transfer Complete 2 
Video Stream Engine Transfer Complete 1 
Video Stream Engine Overrun 

VPORT VREF IRQ Status 


This register contains bits that indicate that certain events have occurred. In some cases, these 
events also generate a PCI interrupt request. Status bits [4:0] are cleared by a write of ‘1’. A write 
of ‘0’ has no effect. 


Bit 
7:5 


3:2 


Description 


Capture Overrun Count [2:0]: This field contains a count of the number of VREFs 
since the Video Stream Engine Overrun bit (CR62[1]) was set. The count begins 
when the overrun bit is set. The count is cleared when the overrun bit is reset. 


The count may be read at any time. It is reset when the Video Stream Engine Over- 
run bit (CR62[1]) and either Video Steam Engine Buffer Complete bit (CR62[3,2]) 
are cleared by a write of ‘1’. 


When the stream engine is off (CR7F[1]), this field counts valid capture VREFs as 
long as VPORT is active. The first valid VREF sets CR62[1] and starts the count. 
Clearing CR62[1] clears the count. This function may be used by the capture soft- 
ware to keep track of the field count. 


BitBLT Complete IRQ Status: This bit indicates that a BitBLT with GR30[1] set 
has completed. In the case of a command list, this indicates that the last BitBLT of 
the list has completed. This bit is cleared by a write of ‘1’. 


If the INTA# pin is enabled, an interrupt is requested while this bit is ‘1’. The inter- 
rupt service routine must explicitly write ‘1’ to this bit. 


Video Stream Engine Transfer Complete [2:1]: These two bits indicate that a 
Video Stream Engine Transfer has completed using the respective buffer. The bit 
must be cleared by a write of ‘1’ before another transfer using the same buffer can 
start. 


If the INTA# pin is enabled and CR7F[2] is ‘1’, an interrupt is requested when either 


or both of these bits is programmed to ‘1’. The interrupt service routine must explic- 
itly write ‘1’ to the respective bit. 
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6.44 CR62: Interrupt Source and Status (cont.) 


Bit 
1 


Description 


Video Stream Engine Overrun: This bit indicates that a video stream engine over- 
run has occurred. This is triggered when the occurrence of a VPORT VREF 
requires that capture data be written and either of two conditions apply. Either the 
previous transfer on the respective buffer did not complete because of PCI bus con- 
tention, or the application has not acknowledged the transfer by a write of ‘1’ to the 
respective transfer complete status bit (CR62[3:2)). 


When this bit is ‘1’, the Capture Overrun Count increments with each VREF, indi- 
cating another missed frame. No new transfers using the offending buffer begins 
until the current transfer completes and is acknowledged. Typically this bit is 
cleared at the same time the transfer complete status bit is cleared. 


If the INTA# pin is enabled and CR7F[2] is ‘1’, an interrupt is requested while this 
bit is ‘1’. The interrupt service routine must explicitly write ‘1’ to this bit. 


VPORT VREF IRQ Status: This bit indicates that a V-Port field capture has com- 
pleted. The bit remains set until cleared by a write of ‘1’. 


If the INTA# pin is enabled, an interrupt is requested while this bit is ‘1’. The inter- 


rupt service routine must explicitly write ‘1’ to this bit. A write of ‘1’ to this bit does 
not change the state of GR17[4] or CR3F[1]. 
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6.45 CR63: Miscellaneous Video Memory Aperture Controls 


I/O Port Address: 
Size (bits): 
Index: 


3D5h 
8 
63h 


Description 

Window 1 Source 2 Start Address [21] 
Window 1 Source 2 Start Address [20] 
Window 1 Source 2 Start Address [19] 
Window 1 Source 2 Start Address [18] 
Reserved 

One-Fourth Decimation Enable 

YUV 4:2:0 Transfer Enable 


This register contains controls for the video memory aperture. 


Bit 


7:4 


3:2 


1 


Description 


Window 1 Source 2 Start Address [21:18]: This field extends the address in 
CR60/CR61. 


Reserved 


One-Fourth Decimation Enable: This bit is used in conjunction with CR3F[4] to 
control decimation. If this bit is ‘1’, one-fourth decimation is used (three of every 
four pixels is discarded). If this bit is ‘0’, one-half decimation is used (one of every 
two pixels is discarded). If CR3F[4] is ‘0’, this bit is ignored. 


YUV 4:2:0 Transfer Enable: If this bit is ‘1’, data transferred to the fourth PCI 
address aperture (the video aperture) is treated as YUV 4:2:0. 
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6.46 CR64—CR65: Video Capture Buffer 2 Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 64h, 65h 


ey 
-~ 


Description 

Video Capture Buffer 2 Address [9] / [17] 
Video Capture Buffer 2 Address [8] / [16] 
Video Capture Buffer 2 Address [7] / [15] 
Video Capture Buffer 2 Address [6] / [14] 
Video Capture Buffer 2 Address [5] / [13] 
Video Capture Buffer 2 Address [4] / [12] 
Video Capture Buffer 2 Address [3] / [11] 
Video Capture Buffer 2 Address [2] / [10] 


O-NWHRUOON 


This register pair contains the least-significant 16 bits of the frame buffer address of Video Capture 
Buffer 2. The most-significant 4 bits are contained in CR66. When CR51[2:0] = 110, these indices 
point to the chrominance matrix. This buffer is referred to as ‘CB2’. 


Bit Description 
7:0 Video Capture Buffer 2 Address [17:2]: This register pair and CR66[3:0] contain 


the frame buffer address of Video Capture Buffer 2. The entire address is shown in 
the following table. 


Address Bits 
Correspond to 4-Mbyte 


Linear Address 





Video Capture Buffer 2 (CB2) | CR66 [3:0] CR65 [7:0] | CR64 [7:0] 0 
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6.47 CR66: Video Capture Buffer 2 Address Byte 2 


I/O Port Address: 


Size (bits): 
Index: 


2 
-~ 


O-NWHRUOON 


3D5h 
8 
66h 


Description 

Enable Capture Vertical Flip 

Enable Independent Addressing 
Reserved 

Buffer 1/2 Offset [8] 

Video Capture Buffer 2 Address [21] 
Video Capture Buffer 2 Address [20] 
Video Capture Buffer 2 Address [19] 
Video Capture Buffer 2 Address [18] 


This register contains the most-significant bits of the address of Video Capture Buffer 2. 


Bit 
7 


3:0 


Description 


Enable Capture Vertical Flip: If this bit is ‘1’, the video captured in buffers 1 and 
2 is vertically flipped. The buffer start address must point to be beginning of the last 
scanline in the buffer. The offset is subtracted rather than added for each scanline. 


Enable Independent Addressing: If this bit is ‘1’, CL-GD5480 double buffering is 
enabled for the video window. Capture Buffer 2 (CB2) and Capture Buffer 3 (CB3) 
can be enabled, as well the Window 1 source 2 2 (W1S2). The meaning of the dou- 
ble-buffer control bits in CR5E[5:4] are re-defined. This is described in detail begin- 
ning with Section 9.8.3 in chapter 9. 

If this bit is ‘0’, CL-GD5446 double buffering is used. See the description of 
CR5E[5:4] on page 6-49. 


Reserved 
Buffer 1/2 Offset [8]: This bit extends the buffer offset in CR67 to 9 bits. 


Video Capture Buffer 2 Address [21:18]: This field is the most-significant 4 bits 
of the Video Capture Buffer 2 address. 
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6.48 CR67: Video Capture Buffers 1 and 2 Address Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 67h 


ey 
-~ 


Description 

Capture Buffer 1/2 Offset [7] 
Capture Buffer 1/2 Offset [6] 
Capture Buffer 1/2 Offset [5] 
Capture Buffer 1/2 Offset [4] 
Capture Buffer 1/2 Offset [3] 
Capture Buffer 1/2 Offset [2] 
Capture Buffer 1/2 Offset [1] 
Capture Buffer 1/2 Offset [0] 


O-NWHRUOON 


This register contains the optional address offset for Video Capture Buffers 1 and 2. 
Bit Description 


7:0 Capture Buffer 1/2 Offset [7:0]: This field is the optional address offset for Video 
Capture Buffers 1 and 2. This field is extended to 9 bits in CR66[4]. This offset is 
used for video capture rather than CR3D if CR66[6] is 1. This offset is expressed 
in dwords. 
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6.49 CR68—CR69: Video Capture Buffer 3 Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 68h, 69h 


2 
- 


Description 

Video Capture Buffer 3 Address [9] / [17] 
Video Capture Buffer 3 Address [8] / [16] 
Video Capture Buffer 3 Address [7] / [15] 
Video Capture Buffer 3 Address [6] / [14] 
Video Capture Buffer 3 Address [5] / [13] 
Video Capture Buffer 3 Address [4] / [12] 
Video Capture Buffer 3 Address [3] / [11] 
Video Capture Buffer 3 Address [2] / [10] 


O-NWHRUOON 


This register pair contains the least-significant 16 bits of the frame buffer address of Video Capture 
Buffer 3. The most-significant 4 bits are contained in CR6A. Capture Buffer 3 is intended to be 
used with Window 1. This buffer is referred to as ‘CB3’. 


Bit Description 
7:0 Video Capture Buffer 3 Address [17:2]: This register pair, and CR6A[3:0] contain 


the frame buffer address of Video Capture Buffer 3. The entire address is shown in 
the following table. 


Address Bits 


Correspond to 4-Mbyte 
Linear Address 





Video Capture Buffer 3 (CB3) | CR6A [3:0] CR69 [7:0] | CR68[7:0] | 0 
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6.50 CR6A: Video Capture Buffer 3 Address Byte 2 


I/O Port Address: 


Size (bits): 
Index: 


3D5h 
8 
6Ah 


Description 

Enable Capture Vertical Flip 
Reserved 

Buffer 3 Offset [8] 

Video Capture Buffer 3 Address [21] 
Video Capture Buffer 3 Address [20] 
Video Capture Buffer 3 Address [19] 
Video Capture Buffer 3 Address [18] 


This register contains the most-significant bits of the address of Video Capture Buffer 3. 


Bit 
7 


6:5 


3:0 


Description 


Enable Capture Vertical Flip: If this bit is ‘1’, the video captured in Buffer 3 is ver- 
tically flipped. The buffer start address must point to the beginning of the last scan- 
line in the buffer. The offset is subtracted rather than added for each scanline. 
Reserved 

Buffer 3 Offset [8]: This bit extends the buffer offset in CR6B to 9 bits. 


Video Capture Buffer 3 Address [21:18]: This field is the most-significant 4 bits 
of the Video Capture Buffer 3 address. 
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6.51 CR6B: Video Capture Buffer 3 Address Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 6Bh 


2 
- 


Description 

Capture Buffer 3 Offset [7] 
Capture Buffer 3 Offset [6] 
Capture Buffer 3 Offset [5] 
Capture Buffer 3 Offset [4] 
Capture Buffer 3 Offset [3] 
Capture Buffer 3 Offset [2] 
Capture Buffer 3 Offset [1] 
Capture Buffer 3 Offset [0] 


O-NWHRUOON 


This register contains the address offset for Video Capture Buffer 3. 


Bit Description 

7:0 Capture Buffer 3 Offset [7:0]: This field is the address offset for Video Capture 
Buffer 3. This field is extended to 9 bits in CR6A[4]. This value is expressed in 
dwords. 
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6.52 CR6C: Video Capture Buffer 3 Horizontal Shrink 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 6Ch 


w 
-~ 


Description 

Capture Buffer 3 Horizontal Shrink [7] 
Capture Buffer 3 Horizontal Shrink [6] 
Capture Buffer 3 Horizontal Shrink [5] 
Capture Buffer 3 Horizontal Shrink [4] 
Capture Buffer 3 Horizontal Shrink [3] 
Capture Buffer 3 Horizontal Shrink [2] 
Capture Buffer 3 Horizontal Shrink [1] 
Capture Buffer 3 Horizontal Shrink [0] 


O-NWHRUOON 


This register contains the horizontal shrink for Video Capture Buffer 3. 
Bit Description 


7:0 Capture Buffer 3 Horizontal Shrink [7:0]: This field controls the horizontal shrink 
(data reduction) for video captured into Buffer 3. A value of ‘0’ implies no horizontal 
shrink. Any other value results in only n/256 pixels being written to the frame buffer. 
Pixels not written are evenly distributed. 
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6.53 CR6D: Video Capture Buffer 3 Vertical Shrink 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 6Dh 


wo 
- 


Description 

Capture Buffer 3 Vertical Shrink [7] 
Capture Buffer 3 Vertical Shrink [6] 
Capture Buffer 3 Vertical Shrink [5] 
Capture Buffer 3 Vertical Shrink [4] 
Capture Buffer 3 Vertical Shrink [3] 
Capture Buffer 3 Vertical Shrink [2] 
Capture Buffer 3 Vertical Shrink [1] 
Capture Buffer 3 Vertical Shrink [0] 


O-NWHRUOON 


This register contains the vertical shrink for Video Capture Buffer 3. 
Bit Description 


7:0 Capture Buffer 3 Vertical Shrink [7:0]: This field controls the vertical shrink (data 
reduction) for video captured into Buffer 3. A value of ‘0’ implies no vertical shrink. 
Any other value results in only n/256 scanlines being written to the frame buffer. 
Scanlines not written are evenly distributed. 
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6.54 CR6E: Capture Line Count Readback 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 6Eh 


w 
-~ 


Description 

Capture Line Count [7] 
Capture Line Count [6] 
Capture Line Count [5] 
Capture Line Count [4] 
Capture Line Count [3] 
Capture Line Count [2] 
Capture Line Count [1] 
Capture Line Count [0] 


O-NWHRUOON 


This read-only register returns the number of the line of video currently being captured. 
Bit Description 


7:0 Capture Line Count [7:0]: This read-only value is the line number of video cur- 
rently being captured. This count is after top clipping and vertical data reduction. 
That is, lines skipped at the top and line not captured due to data reduction are not 
counted. Once this count reaches 255, it ‘sticks’ until the next frame begins. 
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6.55 CR6F: Video Capture Buffers Extended Controls 


I/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUOON 


3D5h 
8 
6Fh 


Description 

Capture Buffer 1/2 Horizontal Filter Control [1] 
Capture Buffer 1/2 Horizontal Filter Control [0] 
Capture Buffer 3 Horizontal Filter Control [1] 
Capture Buffer 3 Horizontal Filter Control [0] 
Capture Buffer Status [1] 

Capture Buffer Status [0] 

Enable Capture Buffer 2 

Enable Capture Buffer 3 


This register contains the capture filter controls. 


Bit 
7:6 


5:4 


Description 


Capture Buffer 1/2 Horizontal Filter Control [1:0]: This field selects the filter 
used for capture data for Capture Buffers 1 and 2. Only YUV16 input format is sup- 
ported by this filter. This is typically used with horizontal data reduction. The follow- 
ing table summarizes the filter selection. 











CR3F[7:6] | Filter Type Coefficients 
00 No filter - 
01 3-tap low-pass filter 1/4, 1/2, 1/4 
10 5-tap low-pass filter 1/16, 1/4, 3/8, 1/4, 1/16 
11 Reserved - 




















Capture Buffer 3 Horizontal Filter Control [1:0]: This field selects the filter used 
for capture data for Capture Buffer 3. Only YUV16 input format is supported by this 
filter. This is typically used with horizontal data reduction. The following table sum- 
marizes the filter selection. 

















CR3F[7:6] | Filter Type Coefficients 
00 No filter = 
01 3-tap low-pass filter 1/4, 1/2, 1/4 
10 5-tap low-pass filter 1/16, 1/4, 3/8, 1/4, 1/16 
11 Reserved - 
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6.55 CR6F: Video Capture Buffers Extended Controls (cont) 


Bit Description 
3:2 Capture Buffer Status [1:0]: This read-only field indicates which capture buffer is 


being written. 


























CR6F[3:2] | Buffer 
00 No capture enabled, or vertical blanking: CR50[1:0] = 00, 
CR51[3] = 0, or CR51[3] toggled high and CREF has not yet fallen. 
01 Capture Buffer 1 active 
10 Capture Buffer 2 active 
11 Capture Buffer 3 active 
1 Enable Capture Buffer 2: If this bit is ‘1’, Capture Buffer 2 is enabled (CR66[6] 
= 1). 
0 Enable Capture Buffer 3: If this bit is ‘1’, Capture Buffer 3 is enabled (CR66[6] 
= 1). 
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6.56 CR70: Stream Engine Buffer 1 Page Table Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 70h 


2 
- 


Description 

Stream Engine Buffer 1 Page Table Offset [9] 
Stream Engine Buffer 1 Page Table Offset [8] 
Stream Engine Buffer 1 Page Table Offset [7] 
Stream Engine Buffer 1 Page Table Offset [6] 
Stream Engine Buffer 1 Page Table Offset [5] 
Stream Engine Buffer 1 Page Table Offset [4] 
Stream Engine Buffer 1 Page Table Offset [3] 
Stream Engine Buffer 1 Page Table Offset [2] 


O-NWHRUOON 


This register contains the least-significant bits of the page table offset for Stream Engine Buffer 1. 
Bit Description 


7:0 Stream Engine Buffer 1 Page Table Offset [9:2]: This field contains bits 9:2 of the 
page table offset for Stream Engine Buffer 1. This is extended to 10 bits in CR78. 
The following table shows the entire page table address. 


Address Bits 
Correspond to 4-Mbyte 
Linear Address 











Page Table Address/Offset | CR1F[3:0] CR1E[7:0] CR78[7:6] | CR70 [7:0] 0 








Bits 11 and 10 in the offset field (CR78) overlap with 11 and 10 in the page table 
base (CR1E/CR1F). The values are added to calculate the actual offset. 
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6.57 CR71: Stream Engine Buffer 1 Target Address Byte 0 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 71h 


w 
-~ 


Description 

Stream Engine Buffer 1 Target Address [9] 
Stream Engine Buffer 1 Target Address [8] 
Stream Engine Buffer 1 Target Address [7] 
Stream Engine Buffer 1 Target Address [6] 
Stream Engine Buffer 1 Target Address [5] 
Stream Engine Buffer 1 Target Address [4] 
Stream Engine Buffer 1 Target Address [3] 
Stream Engine Buffer 1 Target Address [2] 


O-NWHRUOON 


This register contains the least-significant bits of the target address (in system memory) for 
Stream Engine Buffer 1. 


Bit Description 


7:0 Stream Engine Buffer 1 Target Address [9:2]: This field contains bits 9:2 of the 
target address (in system memory) for Stream Engine Buffer 1. This is extended to 
10 bits in CR78. The following table shows the entire system memory address. 


Address Bits 
PCI Address 





Page : : 
PCI address source Table CR78[5:4] | CR71 [7:0] 0 
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6.58 CR72—-CR73: Stream Engine Buffer 1 Source Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 72h, 73h 


2 
- 


Description 

Stream Engine Buffer 1 Source Address [9] / [17] 
Stream Engine Buffer 1 Source Address [8] / [16] 
Stream Engine Buffer 1 Source Address [7] / [15] 
Stream Engine Buffer 1 Source Address [6] / [14] 
Stream Engine Buffer 1 Source Address [5] / [13] 
Stream Engine Buffer 1 Source Address [4] / [12] 
Stream Engine Buffer 1 Source Address [3] / [11] 
Stream Engine Buffer 1 Source Address [2] / [10] 


O-NWHRUOON 


This register contains the least-significant bits of the source address (in the frame buffer) for 
Stream Engine Buffer 1. When CR7F[5] is ‘1’, these indexes address the chrominance buffers. 
This buffer is referred to as ‘SB1’. 


Bit Description 


7:0 Stream Engine Buffer 1 Source Address [9:2]: This field contains bits 17:2 of the 
source address (in the frame buffer) for Stream Engine Buffer 1. This is extended 
to 20 bits in CR78. The following table shows the entire frame buffer memory 
address. 


Address Bits 
Corresponds to 4 Mbyte 
Linear Address 





Buffer 1 source address CR78[3:0] | CR73 [7:0] | CR72 [7:0] 0 
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6.59 CR74: Stream Engine Buffer 2 Page Table Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 74h 


ey 
-~ 


Description 

Stream Engine Buffer 2 Page Table Offset [9] 
Stream Engine Buffer 2 Page Table Offset [8] 
Stream Engine Buffer 2 Page Table Offset [7] 
Stream Engine Buffer 2 Page Table Offset [6] 
Stream Engine Buffer 2 Page Table Offset [5] 
Stream Engine Buffer 2 Page Table Offset [4] 
Stream Engine Buffer 2 Page Table Offset [3] 
Stream Engine Buffer 2 Page Table Offset [2] 


O-NWHRUOON 


This register contains the least-significant bits of the page table offset for Stream Engine Buffer 2. 
Bit Description 


7:0 Stream Engine Buffer 2 Page Table Offset [9:2]: This field contains bits 9:2 of the 
page table offset for Stream Engine Buffer 2. This is extended to 10 bits in CR79. 
The following table shows the entire page table address. 


Address Bits 
Correspond to 4-Mbyte 
Linear Address 











Page Table Address/Offset | CR1F[3:0] CR1E[7:0] CR79[7:6] | CR71 [7:0] 0 








Bits 11 and 10 in the offset field (CR79) overlap with 11 and 10 in the page table 
base (CR1E/CR1F). The values are added to calculate the actual offset. 
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6.60 CR75: Stream Engine Buffer 2 Target Address Byte 0 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 75h 


2 
- 


Description 

Stream Engine Buffer 2 Target Address [9] 
Stream Engine Buffer 2 Target Address [8] 
Stream Engine Buffer 2 Target Address [7] 
Stream Engine Buffer 2 Target Address [6] 
Stream Engine Buffer 2 Target Address [5] 
Stream Engine Buffer 2 Target Address [4] 
Stream Engine Buffer 2 Target Address [3] 
Stream Engine Buffer 2 Target Address [2] 


O-NWHRUOON 


This register contains the least-significant bits of the target address (in system memory) for 
Stream Engine Buffer 2. 


Bit Description 


7:0 Stream Engine Buffer 2 Target Address [9:2]: This field contains bits 9:2 of the 
target address (in system memory) for Stream Engine Buffer 2. This is extended to 
10 bits in CR79. The following table shows the entire system memory address. 


Address Bits 
PCI Address 





Page 
Table 


PCI address source CR79[5:4] | CR75 [7:0] 0 
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6.61 CR76—CR77: Stream Engine Buffer 2 Source Address Byte 0, 1 


I/O Port Address: 3D5h 
Size (bits): 16 
Index: 76h, 77h 


w 
-~ 


Description 

Stream Engine Buffer 2 Source Address [9] / [17] 
Stream Engine Buffer 2 Source Address [8] / [16] 
Stream Engine Buffer 2 Source Address [7] / [15] 
Stream Engine Buffer 2 Source Address [6] / [14] 
Stream Engine Buffer 2 Source Address [5] / [13] 
Stream Engine Buffer 2 Source Address [4] / [12] 
Stream Engine Buffer 2 Source Address [3] / [11] 
Stream Engine Buffer 2 Source Address [2] / [10] 


O-NWHRUOON 


This register contains the least-significant bits of the source address (in the frame buffer) for 
Stream Engine Buffer 2. When CR7F[5] is ‘1’, these indexes address the chrominance buffer. This 
buffer is referred to as ‘SB2’. 


Bit Description 


7:0 Stream Engine Buffer 2 Source Address [9:2]: This field contains bits 17:2 of the 
source address (in the frame buffer) for Stream Engine Buffer 2. This is extended 
to 20 bits in CR79. The following table shows the entire frame buffer memory 
address. 


Address Bits 
Corresponds to 4 Mbyte 
Linear Address 





Buffer 1 source address CR79[3:0] | CR77 [7:0] | CR76 [7:0] 0 
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6.62 CR78: Stream Engine Buffer 1 Extension Bits 


I/O Port Address: 


Size (bits): 
Index: 


2 
- 


O-NWHRUOON 


3D5h 
8 
78h 


Description 

Stream Engine Buffer 1 Page Table Offset [11] 
Stream Engine Buffer 1 Page Table Offset [10] 
Stream Engine Buffer 1 Target Address [11] 
Stream Engine Buffer 1 Target Address [10] 
Stream Engine Buffer 1 Source Address [21] 
Stream Engine Buffer 1 Source Address [20] 
Stream Engine Buffer 1 Source Address [19] 
Stream Engine Buffer 1 Source Address [18] 


This register contains extension bits for Steam Engine Buffer 1. 


Bit 
7:6 


5:4 


3:0 


Description 


Stream Engine Buffer 1 Page Table Offset [11:10]: This field contains bits 11:10 
of the page table offset for Stream Engine Buffer 1. The following table shows the 
entire frame buffer page table address. 


Address Bits 





Page table address/offset CR1F[3:0] CRI1E[7:0] | CR78[7:6] | CR70 [7:0] 0 














Stream Engine Buffer 1 Target Address [11:10]: This field contains bits 11:10 of 
the target address for Stream Engine Buffer 1. The following table shows the entire 
address in system memory. 


PCI Address Bits 











PCI address source Page Table CR78[5:4] | CR71 [7:0] 0 








Stream Engine Buffer 1 Source Address [21:18]: This field contains bits 17:2 of 
the source address (in the frame buffer) for Stream Engine Buffer 1. The following 
table shows the entire frame buffer memory address. When CR7F[5] is ‘1’, this 
address the chrominance buffer. 






Address Bits 











Buffer 1 source address CR78[3:0] | CR73 [7:0] | CR72 [7:0] 
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6.63 CR79: Stream Engine Buffer 2 Extension Bits 


1/O Port Address: 


Size (bits): 
Index: 


w 
-~ 


O-NWHRUOON 


3D5h 
8 
79h 


Description 

Stream Engine Buffer 2 Page Table Offset [11] 
Stream Engine Buffer 2 Page Table Offset [10] 
Stream Engine Buffer 2 Target Address [11] 
Stream Engine Buffer 2 Target Address [10] 
Stream Engine Buffer 2 Source Address [21] 
Stream Engine Buffer 2 Source Address [20] 
Stream Engine Buffer 2 Source Address [19] 
Stream Engine Buffer 2 Source Address [18] 


This register contains extension bits for Steam Engine Buffer 2. 


Bit 
7:6 


5:4 


3:0 


Description 


Stream Engine Buffer 2 Page Table Offset [11:10]: This field contains bits 11:10 
of the page table offset for Stream Engine Buffer 2. The following table shows the 
entire frame buffer page table address. 






Address Bits 














Page table address/offset CR1F[3:0] CRI1E[7:0] | CR79[7:6] | CR71 [7:0] 














Stream Engine Buffer 2 Target Address [11:10]: This field contains bits 11:10 of 
the target address for Stream Engine Buffer 2. The following table shows the entire 
address in system memory. 






PCI Address Bits 

















PCI address source Page table CR79[5:4] | CR75 [7:0] 








Stream Engine Buffer 2 Source Address [21:18]: This field contains bits 17:2 of 
the source address (in the frame buffer) for Stream Engine Buffer 2. The following 
table shows the entire frame buffer memory address. When CR7F[5] is ‘1’, this 
addresses the chrominance buffer. 






Address Bits 











Buffer 1 source address CR79[3:0] | CR77 [7:0] | CR76 [7:0] 
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6.64 CR7A: Stream Engine Source Buffer Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 7Ah 


2 
- 


Description 

Stream Engine Source Buffer Offset [9] 
Stream Engine Source Buffer Offset [8] 
Stream Engine Source Buffer Offset [7] 
Stream Engine Source Buffer Offset [6] 
Stream Engine Source Buffer Offset [5] 
Stream Engine Source Buffer Offset [4] 
Stream Engine Source Buffer Offset [3] 
Stream Engine Source Buffer Offset [2] 


O-NWHRUOON 


This value is added to the source (frame buffer) address after each scanline of data transfers. 
Bit Description 


7:0 Stream Engine Source Buffer Offset [9:2]: This field contains bits 9:2 of the 
source buffer offset. This is extended to 9 bits in CR7E. This value has dword res- 
olution (the two least-significant linear address bits are 0). The 9-bit field allows a 
pitch of up to 2048 bytes in the frame buffer memory. 
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6.65 CR7B: Stream Engine Destination Buffer Offset 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 7Bh 


w 
-~ 


Description 

Stream Engine Destination Buffer Offset [9] 
Stream Engine Destination Buffer Offset [8] 
Stream Engine Destination Buffer Offset [7] 
Stream Engine Destination Buffer Offset [6] 
Stream Engine Destination Buffer Offset [5] 
Stream Engine Destination Buffer Offset [4] 
Stream Engine Destination Buffer Offset [3] 
Stream Engine Destination Buffer Offset [2] 


O-NWHRUOON 


This value is added to the destination (system memory) address after each scanline of data trans- 


fers. 
Bit Description 
7:0 Stream Engine Destination Buffer Offset [9:2]: This field contains bits 9:2 of the 


destination buffer offset. This is extended to 9 bits in CR7E. This value has dword 
resolution (the two least-significant address bits are 0). The 9-bit field allows a pitch 
of up to 2048 bytes in the system memory. 
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6.66 CR7C: Stream Engine Target Buffer Width 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 7Ch 


Bit Description 
Stream Engine Target Buffer Width [9] 
Stream Engine Target Buffer Width [8] 
Stream Engine Target Buffer Width [7] 
Stream Engine Target Buffer Width [6] 
Stream Engine Target Buffer Width [5] 
Stream Engine Target Buffer Width [4] 

:0 Reserved 


-NWROON 


This value specifies the size of each scanline in system memory in terms of dwords. 
Bit Description 


7:2 Stream Engine Target Buffer Width [9:4]: This field specifies the size of each 
scanline in system memory. This field is extended to 7 bits in register CR7E[2]. This 
field has 16-byte resolution. The 7-bit field allows up to 2044 bytes to be transferred 
for each scanline. 


1:0 Reserved: These bits must always be programmed to ‘0’. 
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6.67 CR7D: Stream Engine Target Buffer Height 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 7Dh 


ey 
-~ 


Description 

Stream Engine Target Height [7] 
Stream Engine Target Height [6] 
Stream Engine Target Height [5] 
Stream Engine Target Height [4] 
Stream Engine Target Height [3] 
Stream Engine Target Height [2] 
Stream Engine Target Height [1] 
Stream Engine Target Height [0] 


O-NWHRUOON 


This field specifies the number of scanlines in system memory for each frame transfer. 
Bit Description 


7:0 Stream Engine Target Height [7:0]: This field is the number of scanline in system 
memory for each frame buffer. This field is extended to 10 bits in CR7E. The 10-bit 
field allows up to 2047 scanlines in target memory for each frame transfer. 
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6.68 CR7E: Stream Engine Vertical Scaling 


I/O Port Address: 


Size (bits): 
Index: 


wo 
- 


O-NWHRUOON 


3D5h 
8 
7Eh 


Description 

Stream Engine Vertical Scaling [2] 

Stream Engine Vertical Scaling [1] 

Stream Engine Vertical Scaling [0] 

Stream Engine Source Buffer Offset [10] 
Stream Engine Destination Buffer Offset [10] 
Stream Engine Target Line Width [10] 
Stream Engine Target Height [9] 

Stream Engine Target Height [8] 


This field contains the stream engine vertical scaling controls and extension bits for the stream 
engine pitch, line width, and height fields. 


Bit 
7:5 


1:0 


Description 


Stream Engine Vertical Scaling [2:0]: This field controls the vertical scaling of 
data as it is transferred to system memory. This is filtered scaling. Two vertical pix- 
els are used for each output pixel. 

































CR7E[7:5] | Scaling 
No vertical scaling - 
001 Vertical scaling of 1/2 with averaging Y planar data only 
010 240 lines to 288 lines 5:6 scaling 
011 240 lines to 144 lines 10:6 scaling 
100 288 lines to 240 lines 6:5 scaling 
101 288 lines to 120 lines 12:5 scaling 
110 Reserved = 
111 Reserved - 

















Stream Engine Source Buffer Offset [10]: This bit extends the source address 
pitch field to 9 bits. 


Stream Engine Destination Buffer Offset [10]: This bit extends the destination 
buffer pitch field to 9 bits. 


Stream Engine Target Line Width [10]: This bit extends the target line width field 
to 9 bits. 


Stream Engine Height [9:8]: These bits extend the target height field to 9 bits. 
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6.69 CR7F: Stream Engine Controls 


I/O Port Address: 
Size (bits): 
Index: 


Bit 
7:6 


o-NWARO 


3D5h 
8 
7Fh 


Description 

Reserved 

Enable YUV4:2:0 Planar Transfer 
Constant Value Enable 

Stream Engine Transfer Mode 
Enable Stream Engine Interrupt 
Stream Engine Start/Pause 
Stream Engine Reset 


This register contains the controls for bus master function. 


Bit 
7:6 
5 


November 1996 


Description 
Reserved 


Enable YUV4:2:0 Planar Transfer: If this bit is ‘1’, the stream engine is configured 
for planar transfer of YUV4:2:0. This mode transfers the Y data first, followed by U, 
then V to a contiguous area of system memory. This is identical to the DirectDraw 
4CC YUV12 format. In addition, the source address registers access the chromi- 
nance buffers. 


Constant Value Enable: If this bit is ‘1’, the stream engine transfers the data in 
GR38-—GR3B rather than data from the frame buffer. The dword in GR388—GR3B is 
replicated in system memory. This is intended for initializing the Z-buffer. 


Stream Engine Transfer Mode: If this bit is ‘0’, the stream engine transfers a sin- 
gle frame and then stops. It always uses Buffer 1. It does not wait for VPORT VREF. 


If this bit is ‘1’, the stream engine transfers frames continuously. It alternates buff- 
ers, beginning with Buffer 1. It synchronizes itself to the V-Port capture according 
to the V-Port capture mode. 


Enable Stream Engine Interrupt: If this bit is ‘1’, the stream engine status bits in 


CR62 generates interrupt requests if the INTA# pin is enabled. If this bit is ‘0’, the 
stream engine status bits in CR62 never generates interrupt requests. 
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6.69 CR7F: Stream Engine Controls (cont.) 


Bit Description 
1 Stream Engine Start/Pause: Programming this bit to ‘1’ starts (or restarts) the 


stream engine. Programming this bit to ‘0’ stops the stream engine at the end of 
the current burst. 


When the stream engine is stopped by programming this bit to ‘0’, it can restart by 
programming the bit back to ‘1’, if CR7F[0] is not programmed to ‘1’. 


0 Stream Engine Reset: Programming this bit to ‘1’ resets the stream engine. If a 
transfer is in progress it is terminated at the end of the current PCI bus master write 
burst. Status bits in CR62 are cleared. Any interrupt request due to the stream 
engine is cleared. This bit must be programmed to ‘0’ to reenable the stream 
engine. 
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6.70 GR1C-GR1F: Chroma Key Bytes 0, 1, 2,3 


I/O Port Address: 3DFh 
Size (bits): 32 
Index: 1Ch, 1Dh, 1Eh, 1Fh 


wo 
- 


Description 

Chroma Key [7] 
Chroma Key [6] 
Chroma Key [5] 
Chroma Key [4] 
Chroma Key [3] 
Chroma Key [2] 
Chroma Key [1] 
Chroma Key [0] 


O-NWHRUION 


These four registers contain 4 bytes of the chroma key, which are used in conjunction with regis- 
ters GRC and GRD for occlusion keying on the video stream. GR1C is also used for 24-bpp color 


key. 
Bit Description 
7:0 Chroma Key [7:0]: Each register contains 1 byte of the 6-byte chroma key. This is 


used for occlusion support when keying on the video stream (CR1D[5] = 1). See 
Section 9.7.9 on page 9-43 for additional information. 


























Register YUV Video RGB Video RGB Graphics 

Chroma Key | Chroma Key Color Key 

GRC Y minimum Red minimum Blue compare 

GRD Y maximum Red maximum Green compare 

GR1C U minimum Green minimum | Red compare 

GR1D U maximum Green maximum | (unused) 

GR1E V minimum Blue minimum (unused) 

GRIF V maximum Blue maximum (unused) 
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6.71 GR38-GR3B: Stream Engine Fill Value Bytes 0, 1, 2, 3 


I/O Port Address: 3CDFh (GR38) 3D5h (GR389—GR3B) 
Size (bits): 32 

Index: 38h, 39h, 3Ah, 3Bh 

MMI/O Offset: 120h, 121h, 122h, 123h 


wv 
-~- 


Description 

Stream Engine Fill Value [7] / [15] / [23] / [81] 
Stream Engine Fill Value [6] / [14] / [22] / [80] 
Stream Engine Fill Value [5] / [13] / [21] / [29] 
Stream Engine Fill Value [4] / [12] / [20] / [28] 
Stream Engine Fill Value [3] / [11] / [19] / [27] 
Stream Engine Fill Value [2] / [10] / [18] / [26] 
Stream Engine Fill Value [1] / [9] / [17] / [25] 
Stream Engine Fill Value [0] / [8] / [16] / [24] 


O-NWABROON 


These four registers contain the 4 bytes of stream engine fill data. If CR7F[4] is ‘1’, this value 
repeatedly transfers rather than data from the frame buffer. 


Bit Description 


7:0 Stream Engine Fill Value [31:0]: Each register contains 1 byte of the 4-byte 
(dword) fill value as summarized in the following table. 




















Bits Register MMI/O 
7:0 GR38 120h 
15:8 GR39 121h 
23:16 GR3A 122h 
31:24 GR3B 123h 
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PCI CONFIGURATION REGISTERS 


7. PCl CONFIGURATION REGISTERS 


CL-GD5480 Technical Reference Manual 


The PCI Configuration registers in the CL-GD5480 are summarized in Table 7-1. The PCI config- 
uration registers are accessible when the IDSEL pin is active. 


Table 7-1. PCI Configuration Registers Quick Reference 



































Abbreviation Register Name Port Page 
PCIOO PCI Device/Vendor ID 00h rec) 
PCI04 PCI Status/Command 04h 7-4 
PCIO8 PCI Class Code 08h 7-6 
PCIOC PCI Latency Timer O0Ch 7-7 
PCI10 PCI Display Memory Base Address 10h 7-8 
PCI14 PCI Relocatable VGA/MMIO Base Address 14h 7-9 
PCI18 PCI GPIO Base Address 18h 7-10 
PCI2C PCI Subsystem/Vendor ID 2Ch 7-11 
PCI30 PCI Expansion ROM Base Address Enable 30h f-13 
PCI3C PCI Interrupt 3Ch 7-14 
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7.1 PCIOO: PCI Device/Vendor ID 


PCI Configuration Address: 00h 


Bit Description Reset State 
31 Device ID [15] 0 
30 Device ID [14] 0 
29 Device ID [13] 0 
28 Device ID [12] 0 
27 Device ID [11] 0 
26 Device ID [10] 0 
25 Device ID [9] 0 
24 Device ID [8] 0 
23 Device ID [7] 1 
22 Device ID [6] 0 
21 Device ID [5] 1 
20 Device ID [4] 1 
19 Device ID [3] 1 
18 Device ID [2] 1 
17 Device ID [1] 0 
16 Device ID [0] 0 
15 Vendor ID [15] 0 
14 Vendor ID [14] 0 
13 Vendor ID [13] 0 
12 Vendor ID [12] 1 
114 Vendor ID [11] 0 
10 Vendor ID [10] 0 
9 Vendor ID [9] 0 
8 Vendor ID [8] 0 
7 Vendor ID [7] 0 
6 Vendor ID [6] 0 
5 Vendor ID [5] 0 
4 Vendor ID [4] 1 
3 Vendor ID [3] 0 
2 Vendor ID [2] 0 
1 Vendor ID [1] 1 
0 Vendor ID [0] 1 


This register contains the Device/Vendor ID required for PCI v2.1 compliance. 


Bit Description 


31:16 Device ID [15:0]: This read-only field contains the device identifier assigned by 
Cirrus Logic. This field always returns the value ‘OOBCh’. 


15:0 Vendor ID [15:0]: This read-only field contains the Vendor ID assigned to Cirrus 
Logic. This field always returns the value ‘1013h’. 
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7.2 PCI04: PCI Status/Command 


PCI Configuration Address: 04h 


Bit 
31 
30 
29 
28 
27 
26 
25 
24 
23:6 
5 
4:3 
2 

1 

0 


Description Reset State 
Parity Error Detected by Target 0 
Reserved 

Terminated with Master Abort 0 
Terminated with Target Abort 0 
Target Abort Signalled 

DEVSEL# Timing [1] 0 
DEVSEL# Timing [0] 1 
Parity Error Detected 0 
Reserved 

Enable DAC Shadowing 

Reserved 

Enable Bus Master 0 


Enable Memory Accesses 
Enable I/O Accesses 


This is the PCI Status and Command register. 


Bit 
31 


30 


29 


28 


27 


26:25 


24 


23:6 
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Description 


Parity Error Detected by Target: This bit is not implemented. The CL-GD5480 will 
always return ‘0’. 


Reserved 


Terminated with Master Abort: This bit is set whenever a transaction initiated by 
the CL-GD5480 is terminated with a master-abort. This is caused by lack of 
DEVSEL# on a transaction started by the CL-GD5480. This bit is cleared by a write 
of ‘1’. A write of ‘0’ has no effect. 


Terminated with Target Abort: This bit is set whenever a transaction initiated by 
the CL-GD5480 is terminated with a target-abort. This bit is cleared by a write of 
‘1’. A write of ‘0’ has no effect. 

Target Abort Signalled: The CL-GD5480 terminates any I/O cycle with byte 
enables active for both the upper and lower 16 bits. This does not apply to the 
BitBLT Control registers. 


DEVSEL# Timing [1:0]: This read-only field always returns the value ‘01’ to indi- 
cate medium DEVSEL# timing. 


Parity Error Detected: This bit is not implemented. The CL-GD5480 will always 
return ‘0’ in this bit position. 


Reserved: These bits must be programmed to ‘0’. 
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7.2 PCI04: PCI Status/Command (cont.) 


Bit 
5 


4:3 


Description 


Enable DAC Shadowing: If this bit is programmed to ‘1’, PC! DAC shadowing is 
enabled. Write accesses to the CL-GD5480 are executed in the sense that the data 
are latched in the appropriate register or the palette. However, the CL-GD5480 
does not acknowledge the access. Read accesses are executed normally. 


Reserved: These bits must be programmed to a ‘0’. 


Enable Bus Master: If this bit is programmed to ‘1’, the CL-GD5480 is enabled as 
bus master. It does not actually initiate any bus transactions until programmed to 
do so. 


Enable Memory Accesses: If this bit is programmed to ‘1’, memory accesses, 
including MMI/O, are enabled on the CL-GD5480. If this bit is programmed to ‘0’, 
memory accesses are not enabled on the CL-GD5480. The first time this bit is set 
following RESET, the SGRAM initialization sequence executes. 


Enable I/O Accesses: If this bit is programmed to ‘1’, I/O accesses are enabled on 
the CL-GD5480. If this bit is programmed to ‘0’, I/O accesses are not enabled on 
the CL-GD5480. This bit absolutely controls access to the VGA registers (including 
Cirrus Logic register extensions) in I/O space. I/O accesses to PCI Configuration 
registers are always enabled (if IDSEL is active). 
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7.3. PCI08: PCI Class Code 


PCI Configuration Address: 08h 


Bit 
31 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
14 

10 


O-H-NMNWHRAON WOO 


Description 
Class Code [23] 
Class Code [22] 
Class Code [21] 
Class Code [20] 
Class Code [19] 
Class Code [18] 
Class Code [17] 
Class Code [16] 
Class Code [15] 
Class Code [14] 
Class Code [13] 
Class Code [12] 
Class Code [11] 
Class Code [10] 
Class Code [9] 
Class Code [8] 
Class Code [7] 
Class Code [6] 
Class Code [5] 
Class Code [4] 
Class Code [8] 
Class Code [2] 
Class Code [1] 
Class Code [0] 
Revision ID [7] 
Revision ID [6] 
Revision ID [5] 
Revision ID [4] 
Revision ID [8] 
Revision ID [2] 
Revision ID [1] 
Revision ID [0] 
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Reset State 


XK KKK KK «KeoOOCOOCOOCOCOoOoCcCooaoCaocCoCao0CaoCcCCO0COcoO+++000 000 


This register contains the Class Code required for PCI v2.1 compliance. 


Bit 
31:8 


7:0 


Description 


Class Code [23:0]: This read-only field contains the device identifier assigned to 
a VGA compatible controller. In particular, the Base Class is 03, the Sub-Class is 
00, and the Programming interface is 00. 


Revision ID [7:0]: This read-only field contains a revision ID assigned by Cirrus 
Logic. No application program should ever take any action based on the contents 


of this field. 
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7.4 


PCIOC: PCI Latency Timer 
PCI Configuration Address: OCh 


Bit Description Reset State 
31:16 Reserved 

15:8 Latency Timer 0 

70 Reserved 


This register contains the latency timer required for PCI bus masters. 


Bit Description 
31:16 Reserved 
15:8 Latency Timer [7:0]: This register specifies, in units of PCI bus clocks, the value 


of the latency timer for the CL-GD5480 when it is a bus master. This value is reset 
to ‘0’ and must be programmed by the BIOS. 


7:0 Reserved 
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7.5 
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PCI10: PCI Display Memory Base Address 
PCI Configuration Address: 10h 


Index: 


Description Reset State 
Display Memory Base Address [31] 
Display Memory Base Address [30] 
Display Memory Base Address [29] 
Display Memory Base Address [28] 
Display Memory Base Address [27] 
Display Memory Base Address [26] 
Display Memory Base Address [25] 


Reserved 0 
Prefetchable 1 
Reserved 

Memory/IO Indicator 0 


This 32-bit register contains the Base Address of display memory. 


Bit 
31:25 


24:4 


2:1 


Description 

Display Memory Base Address [31:25]: This field contains the base address of 
the contiguous 32-Mbyte memory block reserved for the CL-GD5480. The memory 
is addressable as two areas of four byte-swapping apertures of 4-Mbyte each. 
Reserved: These read-only bits always return ‘0’. 

Prefetchable: This read-only bit always returns ‘1’, indicating prefetchable. 


Reserved: These read-only bits always return ‘0’. 


Memory/IO Indicator: This read-only field indicates the type of address space 
requested. A ‘0’ value indicates memory. 
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7.6 


PCI CONFIGURATION REGISTERS 


PCI14: PCI Relocatable VGA/MMIO Base Address 


PCI Configuration Address: 14h 


Index: 


Bit 
31:12 
11:4 
3 

2:1 

0 


Description Reset State 
Base Address [31:12] 

Reserved (Read-only) 0 
Prefetchable 0 
Reserved (Read-only) 

Memory |/O 


This 32-bit register contains the base address of the VGA I/O and the memory-mapped I/O. 


Bit 
31:12 


Description 


Base Address [31:12]: This field is programmed to the base address of the relo- 
catable VGA registers and BitBLT Control registers. The VGA registers begin at the 
base address; the BitBLT registers begin at the offset plus 256. See 
Section 9.2.1.2 on page 9-4 for the offsets of the VGA registers and Section 9.2.1.3 
on page 9-4 for the offsets of the Memory-mapped registers. When the VGA and 
BitBLT registers are accessed through this aperture, address bit 8 selects between 
VGA (A8 is ‘0’) and BLT (A8 is ‘1’). 


Reserved: This read-only field returns ‘0’. 
Prefetchable: This always returns ‘0’, indicating not prefetchable. 
Reserved: This read-only field returns ‘0’s. 


Memory I/O: ‘0’ indicates that memory space is requested. 
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7.7 PCI18: PCI GPIO Base Address 


PCI Configuration Address: 18h 


Index: 


Bit 
31:5 
4 

3 
2:1 
0 


Description Reset State 
Base Address [31:5] 

Reserved 0 
Prefetchable 0 
Reserved 

Memory 1/O 


This 32-bit register contains the base address of the GPIO. This is configured in registers CF3 and 


CF2. 
Bit 
31:5 


2:1 


Description 


Base Address [31:5]: This field is programmed to the base address of the GPIO. 
The extent of the address range claimed is configured in registers CF3 and CF2. 
See Appendix B5, “Configuration Notes”. 








CF3 | CF2 PCs MMI/O 
0 0 31:12 specify base address Memory 
(4096 bytes claimed) 
1 0 31:5 specify base address /O 
X 1 All ‘0’s Disabled 























When the CL-GD5480 is configured so that PCI18 is an I/O address, address bits 
31:16 are not decoded. 


Reserved: This read-only field returns ‘0’. 
Prefetchable: This always returns ‘0’, indicating not prefetchable. 
Reserved: This read-only field returns ‘0’s. 


Memory I/O: ‘0’ indicates that memory space is requested; ‘1’ indicates that I/O 
space is requested. 








November 1996 


7-10 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual 


7.8 PCI2C: PCl Subsystem/Vendor ID 


PCI Configuration Address: 2Ch 


Bit 
31 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
14 

10 


OH-NWHRADON OO 


Description 

Subsystem ID [15] 
Subsystem ID [14] 
Subsystem ID [13] 
Subsystem ID [12] 
Subsystem ID [11] 
Subsystem ID [10] 
Subsystem ID [9] 
Subsystem ID [8] 
Subsystem ID [7] 
Subsystem ID [6] 
Subsystem ID [5] 
Subsystem ID [4] 
Subsystem ID [3] 
Subsystem ID [2] 
Subsystem ID [1] 
Subsystem ID [0] 
Subsystem Vendor ID [15] 
Subsystem Vendor ID [14] 
Subsystem Vendor ID [13] 
Subsystem Vendor ID [12] 
Subsystem Vendor ID [11] 
Subsystem Vendor ID [10] 
Subsystem Vendor ID [9] 
Subsystem Vendor ID [8] 
Subsystem Vendor ID [7] 
Subsystem Vendor ID [6] 
Subsystem Vendor ID [5] 
Subsystem Vendor ID [4] 
Subsystem Vendor ID [8] 
Subsystem Vendor ID [2] 
Subsystem Vendor ID [1] 
Subsystem Vendor ID [0] 
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Reset State 

P7 

P6 

P5 

P4 

P3 

P2 

P1 

PO 
ROM 7FFE [7] 
ROM 7FFE [6] 
ROM 7FFE [5] 
ROM 7FFE [4] 
ROM 7FFE [3] 
ROM 7FFE [2] 
ROM 7FFE [1] 
ROM 7FFE [0] 
ROM 7FFD [7] 
ROM 7FFD [6] 
ROM 7FFD [5] 
ROM 7FFD [4] 
ROM 7FFD [3] 
ROM 7FFD [2] 
ROM 7FFD [1] 
ROM 7FFD [0] 
ROM 7FFC [7] 
ROM 7FFC [6] 
ROM 7FFC [5] 
ROM 7FFC [4] 
ROM 7FFC [3] 
ROM 7FFC [2] 
ROM 7FFC [1] 
ROM 7FFC [0] 


This register uniquely identifies the adapter card containing the CL-GD5480. For adapter card 
applications, this register is loaded from the BIOS ROM and Pixel bus and is read-only. For moth- 
erboard (PC97) applications, this register can be write-enabled by setting SR17[3] to ‘1’. 
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7.8 PCI2C: PCI Subsystem/Vendor ID (cont.) 


Bit Description 
31:24 Subsystem ID [15:8]: This read-only field returns the data on P[7:0] at the rising 


edge of RST#. If GPIO is not enabled, this field returns ‘0’. 


23:16 Subsystem ID [7:0]: This read-only field returns the data from BIOS ROM location 


Ox7FFE. 
15:0 Subsystem Vendor ID [15:0]: This read-only field returns the data from BIOS 


ROM locations 0x7FFD and Ox7FFC. 
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7.9 


PCI CONFIGURATION REGISTERS 


PCI30: PCI Expansion ROM Base Address Enable 


PCI Configuration Address: 30h 


Index: 


Bit 
31:15 
14:1 
0 


Description Reset State 
Expansion ROM Base Address [31:15] 

Reserved 0 
EROM Enable 


This 32-bit register contains the base address of EPROM (BIOS) memory. 


Bit 
31:15 


14:1 


Description 


Expansion ROM Base Address [31:15]: This field contains the base address of 
the contiguous 32-Kbyte memory block reserved for the CL-GD5480 BIOS during 
POST. 


Reserved 
EROM Enable: When this bit is programmed to ‘1’, BIOS ROM is enabled. The 


BIOS ROM is accessible by reading the 32K window beginning at the address pro- 
grammed into bits 31:15 of this register. 
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7.10 PCI3C: PCI Interrupt 
PCI Configuration Address: 3Ch 


Index: 


Bit 
31:24 
23:16 
15:8 
7:0 


Description Reset State 
MAX_LAT [31:24] OAh 
MIN_GNT [23:16] 02h 

PCI Interrupt Pin [7:0] GPIOD3 


PCI Interrupt Line [7:0] 


This register denotes which interrupt pin the CL-GD5480 is connected to (if any) and communi- 
cates interrupt line routing information. 


Bit 
31:24 


23:16 


15:8 


7:0 


Description 


MAX_LAT [31:24]: This read-only field indicates desired bus master access 
latency in 0.25-usec. units. This field always returns ‘OAh’, indicating 2.5 usec. 


MIN_GNT [23:16]: This read-only field indicates desired bus master grant time in 
0.25-usec. units. This field always returns ‘02h’, indicating 0.5 usec. 


PCI Interrupt Pin [7:0]: If a pull-down resistor is installed on GPIOD3 (CF4), this 
read-only field contains the value ‘01’. This is an indication that the CL-GD5480 is 
claiming an interrupt on INTA#. If no pull-down resistor is installed on GPIODS, this 
read-only field contains the value ‘00’. 


PCI Interrupt Line [7:0]: This 8-bit field has no direct effect on the CL-GD5480. 
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8. MISCELLANEOUS EXTENSION REGISTERS 


The CL-GD5480 Miscellaneous Extension registers are summarized in Table 8-1. 


Table 8-1. Miscellaneous Extension Registers Quick Reference 










































































Abbreviation Register Name Index | Port Page 
SR6 Key 06h 3C5h 8-4 
SR7 Extended Sequencer Mode 07h 3C5h 8-5 
SR8 l2C Control 08h 3C5h 8-7 
SR9 Scratch Pad 0 09h 3C5h 8-8 
SRA Scratch Pad 1 OAh 3C5h 8-8 
SRB VCLKO Numerator OBh 3C5h 8-9 
SRC VCLK1 Numerator 0Ch 3C5h 8-9 
SRD VCLK2 Numerator ODh 3C5h 8-9 
SRE VCLK3 Numerator OEh 3C5h 8-9 
SRF SGRAM Control OFh 3C5h 8-10 
SR10 Graphics Cursor X Position 10h 3C5h 8-11 
SR11 Graphics Cursor Y Position 11h 3C5h 8-12 
SR12 Graphics Cursor Attributes 12h 3C5h 8-13 
SR13 Graphics Cursor Pattern Address Offset 13h 3C5h 8-15 
SR14 Scratch Pad 2 14h 3C5h 8-16 
SR15 Scratch Pad 3 15h 3C5h 8-16 
SR16 Display FIFO Threshold Control 16h 3C5h 8-17 
SR17 Miscellaneous System Interface Control 17h 3C5h 8-18 
SR18 Signature Generator Control 18h 3C5h 8-19 
SR19 Signature Generator Result Low-Byte 19h 3C5h 8-20 
SR1A Signature Generator Result High-Byte 1Ah 3C5h 8-21 
SR1B VCLKO Denominator and Post-Scalar 1Bh 3C5h 8-22 
SR1C VCLK1 Denominator and Post-Scalar 1Ch 3C5h 8-22 
SR1D VCLK2 Denominator and Post-Scalar 1Dh 3C5h 8-22 
SR1E VCLK3 Denominator and Post-Scalar 1Eh 3C5h 8-22 
SRIF SMCLK Select 1Fh 3C5h 8-23 
GR9Q Offset Register 0 09h 3CFh 8-24 
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Table 8-1. Miscellaneous Extension Registers Quick Reference (cont.) 



























































Abbreviation Register Name Index | Port Page 
GRA Offset Register 1 OAh 3CFh 8-26 
GRB Graphics Controller Mode Extensions OBh 3CFh 8-27 
GRC Color Key/Chroma Key Compare OCh 3CFh 8-29 
GRD Color Key/Mask/Chroma Key ODh 3CFh 8-30 
GRE Power Management OEh 3CFh 8-31 
GR16 Active Display Line Readback Byte 0 16h 3CFh 8-33 
GR17 Active Display Line Readback Byte 1 17h 3CFh 8-34 
GR18 Memory Option 18h 3CFh 8-36 
GR19 GPIO Port Timing 19h 3CFh 8-38 
GR1A Scratch Pad 4 1Ah 3CFh 8-39 
GR1B Scratch Pad 5 1Bh 3CFh 8-39 
GR7D Hidden Graphics Extension 7D 7Dh 3CFh 8-40 
GR7E Hidden Graphics Extension 7E 7Eh 3CFh 8-40 
GR7F Hidden Graphics Extension 7F 7Fh 3CFh 8-40 
CR19 Interlace End 19h 3D5h 8-41 
CRIA Miscellaneous Control 1Ah 3D5h 8-42 
CR1B Extended Display Controls 1Bh 3D5h 8-43 
CRIC Sync Adjust and GENLOCK 1Ch 3D5h 8-45 
CR1D Overlay Extended Control 1Dh 3D5h 8-47 
CRIE Bus Master Page Table Start Address Byte 1 1Eh 3D5h 8-48 
CRIF Bus Master Page Table Start Address Byte 2 1Fh 3D5h 8-48 
CR25 Part Status 25h 3D5h 8-49 
CR27 ID 27h 3D5h 8-50 
HDR Hidden DAC Register - 3C6h 8-51 
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8.1 SR6: Key 
I/O Port Address: 


Size (bits): 
Index: 


Bit 


O-NWHROON 


3C5h 
8 
06h 


Description 
Key [7] 
Key [6] 
Key [5] 
Key [4] 
Key [3] 
Key [2] 
Key [1] 
Key [0] 


0 


=—_ —- = OO OC OC 
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Reset State 


This register is provided for compatibility with earlier Cirrus Logic desktop products. This register 
does not control access to the Extension registers on the CL-GD5480. 


Bit 
7:0 


Description 


Key [7:0]: If this register is loaded with 12h, it returns the value ‘12h’ when read. If 
this register is loaded with any other value, it returns the value ‘FFh’. 
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8.2 SR7: Extended Sequencer Mode 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 07h 

Bit Description Reset State 
7 Reserved 0 

4 Linear Frame Buffer Enable 0 

3 Sequencer and CRTC Clocking Control [2] 

2 Sequencer and CRTC Clocking Control [1] 

1 Sequencer and CRTC Clocking Control [0] 

0 Enable High-resolution Packed-Pixel Modes 


This register has several purposes, as outlined in the following bit descriptions. 


Bit Description 
7:5 Reserved: This field must be programmed to ‘0’. 
4 Linear Frame Buffer Enable: If this bit is ‘1’, linear addressing of the frame buffer 


is enabled at the 32-Mbyte address range specified in PCI10. 


3:1 Sequencer and CRTC Clocking Control [2:0]: This field selects the sequencer 
data path width. All extended graphics modes should be programmed to use a par- 
allel data path the same width as the pixel (except for clock-doubled modes). Pro- 
gram VCLK to the desired pixel frequency (except for clock-doubled modes). 








SR7[3:1] Mode Note 
000 8-bpp 
001 16-bpp (unused: see 011) 





010 24-bpp Packed-24 





011 16-bpp Also used for clock-doubled 8-bpp modes 





100 32-bpp Also used for clock-doubled 16-bpp modes 











101 Reserved 
110 Reserved 
111 Reserved 
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8.2 SR7: Extended Sequencer Mode (cont.) 


Bit 
0 


Description 


Enable High-Resolution Packed-Pixel Modes: If this bit is ‘0’, VGA operation is 
enabled. The frame buffer uses 32-bit operation and only the first 1 Mbyte is dis- 
played or accessible to the host regardless of the amount actually configured (any 
additional memory that is configured is refreshed). The CRTC FIFO is set to eight 
levels. All standard VGA display modes are supported, including text and Planar 
Graphics mode. Standard VGA data manipulation is available including: 


e GRO/GR1 Set/Reset function 

e GR@ data rotate and read latch functionality 
e Write Modes 0, 1, 2, and 3 

e Read Modes 0 and 1 


If this bit is ‘1’, extended display modes are enabled, including 8-, 16-, 24-, and 32- 
bpp modes. The frame buffer uses 32- or 64-bit operations and all configured mem- 
ory is accessible to the host and for display. The CRTC FIFO uses all available lev- 
els. Text and Planar Graphics modes are not supported for display. 


If SR4[3] is ‘1’, CPU reads and writes use extended functionality. The following VGA 
data manipulation is disabled: 


e GRO/GR1 Set/Reset function (GRO/GR1 are color registers) 
e GR@ data rotate and read latch functionality 

e Write Modes 2 and 3 

e Read Mode 1 


If SR4[3] is ‘0’, SR4[2] is ‘1’, and GR6[1] is ‘0’, an extended, unchained addressing 
mode is selected. This is a planar, unchained addressing mode that can access all 
memory. Standard VGA data manipulation is available including: 


e GRO/GR1 Set/Reset function 

e GR@ data rotate and read latch functionality 
e Write Modes 0, 1, 2, and 3 

e Read Modes 0 and 1 
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8.3. SR8:1I2C Control 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 08h 

Bit Description 
7 I2CDAT In 
6:3 Reserved 

2 I2CCLK In 

1 I2CDAT Out 
0 I2CCLK Out 


This register provides write and read paths for the I@C (DDC) pins. See Appendix B8, “DDC2B/l2C 
Support”, for information regarding DDC. 


Bit Description 

7 I2CDAT In: This read-only bit reflects the state of the I2CDAT pin. 

6 Reserved: This bit must always bet set to ‘1’. 

5:3 Reserved 

2 I2CCLK In: The read-only bit reflects the state of the I2CCLK pin. 

1 I2CDAT Out: If this bit is set to ‘0’, the I2CDAT pin is driven low. If this bit is set to 


‘1’, the I2CDAT pin is high-impedance (a nominal 1-kQ resistor pulls the pin high). 
An |2C device connected to this pin can drive it low. 


0 I2CCLK Out: If this bit is set to ‘0’, the I2CCLK pin is driven low. If this bit is set to 
‘1’, the l2CCLK pin is high-impedance (a nominal 1-kQ resistor pulls the pin high). 
An |2C device connected to this pin can drive it low. 
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8.4 SR9-SRA: Scratch Pad 0, 1 
I/O Port Address: 3C5h 


Size (bits): 16 

Index: 09h, OAh 

Bit Description Reset State 
7 R/W Data [7] 0 
6 R/W Data [6] 0 
5 R/W Data [5] 0 
4 R/W Data [4] 0 
3 R/W Data [8] 0 
2 R/W Data [2] 0 
1 R/W Data [1] 0 
0 R/W Data [0] 0 


NOTE: These two registers are reserved for the exclusive use by the CL-GD5480 BIOS and must never be 
written by any application program. This register description is included for completeness only. 


Bit Description 


7:0 R/W Data [7:0]: These bits are reserved for the Cirrus Logic BIOS. 
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8.5 SRB-SRE: VCLKO—VCLK3 Numerators 
I/O Port Address: 3C5h 


Size (bits): 32 

Index: OBh, OCh, ODh, OEh 
Bit Description 

7 Reserved 

6 VCLK Numerator [6] 
5 VCLK Numerator [5] 
4 VCLK Numerator [4] 
3 VCLK Numerator [3] 
2 VCLK Numerator [2] 
1 VCLK Numerator [1] 
0 VCLK Numerator [0] 


These registers, in conjunction with SR1B-SR1E, determine the frequency of display clock. Refer 
to Chapter 9, “Programming Notes”, for complete programming information for the synthesizers. 


Bit Description 
7 Reserved 
6:0 VCLK Numerator [6:0]: The following table shows the values these registers con- 


tain at RESET: 











Clock Freq. (MHz) N D P | Numerator oe pale 
VCLKO 25.180 102 | 29 1 66h 3Bh 
VCLK1 28.325 91 23 1 5Bh 2Fh 
VCLK2 41.165 69 24 0 45h 30h 
VCLK3 36.082 126 | 25 1 7Eh 33h 
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8.6 SRF: SGRAM Control 
I/O Port Address: 


Size (bits): 
Index: 


3C5h 
8 
OFh 


Description 


Second Bank Enable 
Reserved 
Reserved 


SGRAM Data Bus Width [1] 
SGRAM Data Bus Width [0] 


Reserved 
Reserved 


This register controls the display memory. 


Bit 
7 


6:5 


4:3 


2:0 


Description 


CL-GD5480 Technical Reference Manual 


Reset State 


o-O°O 


Second Bank Enable: When this bit is set to ‘0’, bank switching is disabled and 
the CSO# output is inactive. When this bit is set to ‘1’, the second bank of S@RAM 
is enabled. CS1# is active for accesses in the first bank and CSO# is active for 
accesses in the second bank. 


Reserved 


SGRAM Data Bus Width [1:0]: This 2-bit field specifies the Display Memory Data 
bus width as shown in the following table. 




















SRF[4] | SRF[3] | Data Bus Width | Memory Size 
0 0 Reserved n/a 
0 1 Reserved n/a 
1 0 32 bits (63:32) 1 Mbyte 
1 1 64 bits (63:0) 2, 4 Mbytes 














These bits have one level of buffering. At the end of each horizontal scanline 
refresh interval (that is, when horizontal blanking begins), these bits are transferred 
to the timing logic. 


Reserved: This read-only field always returns the value ‘100’. 
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8.7 SR10: Graphics Cursor X Position 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 10h, 30h, 50h, 70h, 90h, BOh, DOh, FOh 

Bit Description Reset State 
7 Cursor X [10] 0 
6 Cursor X [9] 0 
5 Cursor X [8] 0 
4 Cursor X [7] 0 
3 Cursor X [6] 0 
2 Cursor X [5] 0 
1 Cursor X [4] 0 
0 Cursor X [3] 0 


This register, and bits 7:5 of the index that access it, define the horizontal (X) pixel offset of the 
graphics cursor. Refer to Section 9.11 on page 9-60, for more information, including code exam- 
ples, regarding the graphics cursor. 


The data forms the upper eight bits of the 11-bit position; bits 7:5 of the index form the lower three 
bits of the 11-bit position. This allows the entire 11-bit cursor offset to be written in a single 16-bit 
I/O write. The offset must be placed in AX[15:5], AX[4:0] must be ‘10000’, and DX must be ‘03C4’. 


The three bits of stored cursor position can be read by: executing a byte write to 3C4 using the 
data values 10, 30, 50..F0; then a read of 3C4 returns the previously stored three bits of cursor 


position. 
Bit Description 
7:0 Cursor X [10:3]: This 8-bit field forms the upper eight bits of the 11-bit horizontal 


offset of the graphics cursor. The index that accesses this register forms the least- 
significant three bits of the 11-bit offset. 
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8.8 SR11: Graphics Cursor Y Position 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 11h, 31h, 51h, 71h, 91h, B1h, D1h, Fth 

Bit Description Reset State 
7 Cursor Y [10] 0 
6 Cursor Y [9] 0 
5 Cursor Y [8] 0 
4 Cursor Y [7] 0 
3 Cursor Y [6] 0 
2 Cursor Y [5] 0 
1 Cursor Y [4] 0 
0 Cursor Y [3] 0 


This register, and bits 7:5 of the index that access it, define the vertical (Y) scanline offset of the 
graphics cursor. Refer to Section 9.11 on page 9-60 for more information, including code exam- 
ples, regarding the graphics cursor. 


The data forms the upper eight bits of the 11-bit position; bits 7:5 of the index form the lower three 
bits of the 11-bit position. This allows the entire 11-bit cursor offset to be written in a single 16-bit 
I/O write. The offset must be placed in AX[15:5], AX[4:0] must be ‘10001’, and DX must be ‘03C4’. 


The three bits of stored cursor position can be read by: executing a byte write to 3C4 using the 
data values 11, 31, 51..F1; then a read of 3C4 returns the previously stored three bits of cursor 


position. 
Bit Description 
7:0 Cursor Y [10:3]: This 8-bit field forms the upper eight bits of the 11-bit vertical 


offset of the graphics cursor. The index that accesses this register forms the least- 
significant three bits of the 11-bit offset. 
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8.9 


MISCELLANEOUS EXTENSION REGISTERS 


SR12: Graphics Cursor Attributes 


/O Port Address: 


Size (bits): 
Index: 


Bit 
7 
6 
5:3 
2 
{ 
0 


3C5h 
8 
12h 


Description 

Overscan Color Protect 

Enable Gamma Correction 

Reserved 

Cursor Size Select 

Allow Access to DAC Extended Colors 
Graphics Cursor Enable 


This register enables/disables the graphics cursor, and sets the cursor size and enables the pal- 
ette DAC table entries used to define the colors. Refer to Section 9.11 on page 9-60 for a complete 
programming guide for the graphics cursor. 


Bit 
7 


5:3 


Description 


Overscan Color Protect: If this bit is set to ‘1’, the border color is DAC LUT entry 
258. Note that entry 258 can only be accessed by the host if SR12[1] is set to ‘1’. 
If this bit is set to ‘0’, the border color is normal (that is, the contents of the palette 
pointed to by register AR11). Register AR11 normally contains ‘0’, and palette 
entry ‘0’ normally contains values corresponding to black. 


Enable Gamma Correction: If this bit is ‘1’ the LUT is configured as three 
256-entry tables, one for each color. This is used for direct color graphics formats 
(15-, 16-, 24-, and 32-bpp). Each of the three color values are left justified to form 
an eight-bit value used to look up an entry in the respective table. This bit has no 
effect in the 256-color LUT modes where the color palette is VGA-compatible. 


Reserved 


Cursor Size Select: If this bit is set to ‘0’, the graphics cursor is 32 x 32 pixels. If 
this bit is set to ‘1’, the graphics cursor is 64 x 64 pixels. 
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8.9 SR12: Graphics Cursor Attributes (cont.) 


Bit 
1 


Description 


Allow Access to DAC Extended Colors: If this bit is set to ‘1’, three extra DAC 
LUT entries are accessible as write only. The entry addressed as xOh is the cursor 
background. The entry addressed as xFh is the cursor foreground. This allows aa 
cursor completely independent of the display data colors. 


The entry addressable as X2h provides a selected overscan (border) color. If this 
bit is set to ‘0’, the DAC LUT is VGA-compatible. 


Graphics Cursor Enable: If this bit is set to ‘1’, the graphics cursor is enabled and 
appears on the screen. If this bit is set to ‘0’, the graphics cursor is disabled and 
does not appear on the screen. 
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8.10 SR13: Graphics Cursor Pattern Address Offset 


I/O Port Address: 
Size (bits): 
Index: 


Bit 
7:6 


o-NWAOH 


3C5h 
8 
13h 


Description 
Reserved 
Cursor Select [5] 
Cursor Select [4] 
Cursor Select [3] 
Cursor Select [2] 
Cursor Select [1] 
Cursor Select [0] 


This register is used to select one of 64 cursor patterns (32 x 32 cursor) or one of 16 cursor pat- 
terns (64 x 64 cursor). Refer to Section 9.11 on page 9-60 for a complete programming guide for 
the graphics cursor. 


Bit 
7:6 


5:0 


5:2 


Description 
Reserved 


Cursor Select (32 x 32 Cursor) [5:0]: This 6-bit field selects one of 64 possible 
cursor patterns stored at the top (highest addressed 16 Kbytes) of display memory. 
This definition is valid only if SR12[2] is set to ‘0’. 


Cursor Select (64 x 64 Cursor) [5:2]: This 4-bit field selects one of 16 possible 
cursor patterns stored at the top (highest addressed 16 Kbytes) of display memory. 
This definition is valid only if SR12[2] is set to ‘1’. In this case, SR13[1:0] are 
ignored. 
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8.11 SR14—-SR15: Scratch Pad 2, 3 


I/O Port Address: 
Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3C5h 
16 
14h, 15h 


Description 
R/W Data [7] 
R/W Data [6] 
R/W Data [5] 
R/W Data [4] 
R/W Data [8] 
R/W Data [2] 
R/W Data [1] 
R/W Data [0] 
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Reset State 
0 


oOOOO0CO0C 0 


These two registers are reserved for the exclusive use by the CL-GD5480 BIOS. This description 


is included for completeness only. 


NOTE: This registers must never be written by any application program. 


Bit 
7:0 


Description 


R/W Data [7:0]: These bits are reserved for the Cirrus Logic BIOS. 
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8.12 SR16: Display FIFO Threshold Control 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 16h 

Bit Description Reset State 
7:4 Reserved 

3 Display FIFO Threshold [3] 0 

2 Display FIFO Threshold [2] 0 

1 Display FIFO Threshold [1] 0 

0 Display FIFO Threshold [0] 0 


This register controls the threshold that the CRT FIFO is refilled. 


NOTE: This register must never be written by any application program. 


Bit Description 
7:4 Reserved 
3:0 Display FIFO Threshold [3:0]: The value written to this field selects the level that 


the sequencer begins display memory cycles to refill the CRT FIFO (and thereby 
hold off CPU, BitBLT, and stream engine cycles). For each display mode and 
SMCLK frequency, there is an optimum value that most efficiently uses the frame 
buffer bandwidth. 


This value can be overridden for scanlines that fall within the video window with the 
secondary FIFO threshold value in register CR5C (See Chapter 6). 
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8.13 SR17: Miscellaneous System Interface Control 


I/O Port Address: 
Size (bits): 


Index: 


5:4 


3C5h 
8 
17h 


Description Reset State 
SGRAM Bank Size 

Memory-Mapped I/O Address 

Reserved 

Write-enable PCI2C 

Enable CL-GD5446 Compatible Memory-Mapped I/O 

Enable PCI Read Time-out Compliance 0 
Reserved 


Description 


SGRAM Bank Size: If this bit is ‘0’", the CL-GD5480 is configured for 256K SGRAM 
banks. If this bit is ‘1’, the CL-GD5480 is configured for 512K SGRAM banks. 


Memory-Mapped I/O Address: If CL-GD5446-compatible MMI/O is enabled 
(SR17[2] = 1), this bit has the following meaning: 


If this bit is set to ‘0’, the CL-GD5446 compatible address space for MMI/O is 256 
bytes, beginning at B800:0. If this bit is set to ‘1’ the address space for MMI/O is 
the last 256 bytes of the populated linear address space. 


Reserved 


Write-Enable PCI2C: If this bit is ‘1’, the PCI subsystem ID (PCI2C—PCI2F) is 
write-enabled. This provides compliance with PC97 when the CL-GD5480 is 
installed on a motherboard. 


Enable CL-GD5446 Compatible Memory-Mapped I/O: If this bit is set to ‘1’, the 
BitBLT registers (GRO, GR1, GR10—GR15, and GR20-—GR3F) are addressable 
using CL-GD5446-—compatible MMI/O. See Chapter 9. If this bit is set to ‘0’, 
CL-GD5446-compatible MMI/O is not enabled. MMI/O through PCI14 is always 
enabled and should be used for all new applications. 


Enable PCI Read Time-out Compliance: If this bit is ‘1’, the CL-GD5480 gener- 
ates a PCI target disconnect (RETRY) on memory read requests that were not 
accepted by the memory sequencer after eight PCI clocks. That is, the memory is 
busy and the CPU (or core logic) must try again later. If this bit is ‘O’", memory reads 
complete with no timeout. This is the reset state. 


Reserved 
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8.14 SR18: Signature Generator Control 


I/O Port Address: 


Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3C5h 
8 
18h 


Description 

Signature Type [1] 

Signature Type [0] 

Data Generator Enable 

Bus Select [2] 

Bus Select [1] 

Bus Select [0] 

Reset Signature Generator 
Signature Generator Enable/Status 


This register controls and monitors the status of the SG (signature generator). The CL-GD5480 
contains an upgraded SG that can test the BitBLT engine and V-Port logic, as well as the frame 
buffer and display data paths. Refer to Appendix B6, “Signature Generator’, for a complete 
description including sample code. 


Bit 
7:6 


Description 
Signature Type [1:0]: This field specifies the SG to be used. 
Data Generator Enable: If this bit is ‘1’, the data generator is enabled. 


Bus Select [2:0]: This field selects the bit of the bus used as the input for the sin- 
gle-bit display data SG. When the 24-bit display data SG is selected, bit 2 selects 
the byte to be read from SR1A. 


Reset Signature Generator: When this bit is set to ‘1’, the SG is reset to an ini- 
tially-defined condition. When this bit is set to ‘0’, the SG is allowed to run under 
the control of SR18[0]. 


Signature Generator Enable/Status: When this bit is set to ‘1’, the signature gen- 
erator begins operation on the next VSYNC. It accumulates a display data signa- 
ture one display frame and then stops, forcing this bit to ‘0’. The application can 
determine when the signature is complete by monitoring this bit. 


lf a BitBLT signature is specified in the Signature Type field, setting this bit to ‘1’ 
starts accumulating a signature immediately. The signature continues to accumu- 
late until this bit is set to ‘0’ and then remains static until bit 1 is set. 
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8.15 SR19: Signature Generator Result Low-Byte 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 19h 

Bit Description Reset State 
7 Signature Generator Result [7] 0 
6 Signature Generator Result [6] 0 
5 Signature Generator Result [5] 0 
4 Signature Generator Result [4] 0 
3 Signature Generator Result [3] 0 
2 Signature Generator Result [2] 0 
1 Signature Generator Result/Byte Select [1] 0 
0 Signature Generator Result/Byte Select [0] 0 


This register reads the least-significant byte of the SG result. The CL-GD5480 SG is for board- 
level testing of the display subsystem. Refer to Appendix B6, “Signature Generator”, for a com- 
plete description. 


Bit Description 


7:0 Signature Generator Result [7:0]: This field is the least-significant byte of the 16- 
bit BitBLT signature. 


1:0 Byte Select [1:0] When the single-bit display data SG is being used, these two bits 
can be written to select the byte where the single bit is chosen. 
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8.16 SR1A: Signature Generator Result High-Byte 
I/O Port Address: 3C5h 


Size (bits): 8 

Index: 1Ah 

Bit Description Reset State 
7 Signature Generator Result [15] 0 
6 Signature Generator Result [14] 0 
5 Signature Generator Result [13] 0 
4 Signature Generator Result [12] 0 
3 Signature Generator Result [11] 0 
2 Signature Generator Result [10] 0 
1 Signature Generator Result [9] 0 
0 Signature Generator Result [8] 0 


This register reads the most-significant byte of the SG result. The CL-GD5480 signature generator 
is for board-level testing of the display subsystem. Refer to Appendix B6, “Signature Generator”, 
for a complete description. 


Bit Description 
7:0 Signature Generator Result [15:8]: This field is either the most-significant byte of 


the 16-bit BitBLT signature, or the middle or high byte of the 24-bit display signa- 
ture, as selected in SR18[2]. 
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8.17 SR1B-SR1E: VCLKO—VCLK3 Denominator and Post-Scalar 
/O Port Address: 3C5h 


Size (bits): 8 

Index: 1Bh, 1Ch, 1Dh, 1Eh 
Bit Description 

7 VCLK Denominator [6] 
6 VCLK Denominator [5] 
5 VCLK Denominator [4] 
4 VCLK Denominator [3] 
3 VCLK Denominator [2] 
2 VCLK Denominator [1] 
1 VCLK Denominator [0] 
0 VCLK Post-Scalar (+2) 


These registers, in conjunction with registers SRB—SRE, program the frequency of display clocks 
0 (VCLKO) through 3 (VCLK8). Refer to Chapter 9, “Programming Notes”, for complete program- 
ming information for the synthesizers. The reset values for these four registers are shown in the 
VCLK numerator table in bits 6:0 of Section 8.5 on page 8-9. 


Bit Description 
7:1 VCLK Denominator [6:0] 
0 VCLK Post-Scalar (+2) 
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8.18 SR1F: SMCLK Select 


I/O Port Address: 3C5h 
Size (bits): 8 
Index: 1Fh 


2 
-— 


Description Reset State 
SMCLK Frequency [6] 
Use SMCLK as VCLK 
SMCLK Frequency [5] 
SMCLK Frequency [4] 
SMCLK Frequency [3] 
SMCLK Frequency [2] 
SMCLK Frequency [1] 
SMCLK Frequency [0] 


O-NWHRUOON 
-0+-'00+-+xXx0O 


This register allows the SMCLK frequency to be programmed directly. This register should never 
be programmed by an applications program and is listed for completeness only. 


























Bit Description 
7 SMCLK Frequency [6]: This bit extends the SMCLK frequency control field. 
6 Use SMCLK as VCLK: If this bit is set to ‘0’", the VCLK synthesizer operates nor- 
mally. If this bit is set to ‘1’, VCLK is derived from SMCLK as follows: 
SR1F[6] SR1E[0] VCLK Source 

0 Xx VCLK (normal operation) 

1 0 VCLK = SMCLK 

1 1 VCLK = SMCLK + 2 
5:0 SMCLK Frequency [5:0]: This field directly programs the SMCLK frequency as 


shown in Equation 8-1. 


Reference Equation 8-1 


SMCLK = SR\Fe 3 =SRIFe 1.8MHz 
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8.19 GR9: Offset Register 0 


I/O Port Address: 3CFh 

Size (bits): 8 

Index: 09h 

Bit Description 
7 Offset 0 [7] 
6 Offset 0 [6] 
5 Offset 0 [5] 
4 Offset 0 [4] 
3 Offset 0 [3] 
2 Offset 0 [2] 
1 Offset 0 [1] 
0 Offset 0 [0] 
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Reset State 


0 


oOOOO0CO0 0 


NOTE: Offset addressing is retained for compatibility with previous Cirrus Logic products. All new software 
should be written to use linear addressing. 


This register provides access to up to 1 Mbyte of display memory with 4-Kbyte granularity or 
4 Mbytes of display memory with 16-Kbyte granularity. The contents of this register are added to 
A[19:12] when Extension register GRB[0] is set to ‘0’, or when GRB[0] is set to ‘1’ and SA15 = 0. 
If GRB[5] is set to ‘1’, bits 6:0 of this register are added to A[20:14] to provide access to up to 4 
Mbytes of display memory with 16-Kbyte granularity. 


The display memory address, prior to being modified by address wrap controls, is called XMA, the 
sum of XA and an Offset register. XA is the address on the bus with bits 16 and 15 possibly forced 
to ‘0’ as indicated in the following table. 


Configuration 


64K Memory: GR6[3:2] = 0,1 and 
Offset 1 Disabled: GRB[0] = 0 





XA[16] 






SA[15] 





XA[14:0] 


SA[14:0] 





64K Memory: GR6[3:2] = 0,1 or 
Offset 1 Enabled: GRB[O] = 1 











SA[14:0] 











The XA address is summed with the contents of an Offset register, with one of three relative align- 
ments according to the configuration. These are indicated in the following tables. 


Table 8-2. 1-Mbyte Memory with 4-Kbyte Granularity: VGA Mapping 









































0 0 0 XA[16] | XA[15] | SA[14] | SA[13] | SA[12] 
+OFF[7] | OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF[O] 
XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12] 
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8.19 GR9: Offset Register 0 (cont.) 


Table 8-3. 4-Mbyte Memory with 16-Kbyte Granularity: VGA Mapping 





0 0 0 0 0 XA[16] | XA[15] | SA[14] | SA[13] | SA[12] 





+OFF[7] | +OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF(O] 0 0 
































XMA[21] | XMA[20] | XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12] 








Bit Description 
7:0 Offset 0 [7:0]: This value is added to A[19:12] to provide the address into display 


memory. This Offset register is selected when GRB[0] is set to ‘0’ or when 
GRB[0] = 1 and SA15 = 0. 
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8.20 GRA: Offset Register 1 
I/O Port Address: 3CFh 


Size (bits): 8 

Index: OAh 

Bit Description 
7 Offset 1 [7] 
6 Offset 1 [6] 
5 Offset 1 [5] 
4 Offset 1 [4] 
3 Offset 1 [3] 
2 Offset 1 [2] 
1 Offset 1 [1] 
0 Offset 1 [0] 


0 


oOOO0O0C0 0 
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Reset State 


This register provides access to up to 1 Mbyte of display memory with 4-Kbyte granularity. The 
contents of this register are added to A[19:12] when Extension register GRB[O] is set to ‘1’ and 
SA15 = 1. If GRB[5] is set to ‘1’, bits 6:0 of this register are added to A[20:14] to provide access 
to up to 2 Mbytes of display memory with 16-Kbyte granularity. 


This provides an additional 32K window into 1 Mbyte of display memory with 4- or 16-Kbyte gran- 


ularity. 
Bit Description 
7:0 Offset 1 [7:0]: This value is added to A[19:12] to provide the address into display 


memory. This Offset register is selected when GRB[0] is set to ‘1’ and SA15 = 1. If 
GRB[0] is set to ‘0’, this register is unused. 
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8.21 


MISCELLANEOUS EXTENSION REGISTERS 


GRB: Graphics Controller Mode Extensions 


I/O Port Address: 
Size (bits): 
Index: 


Bit 
7:6 


o-NWAO 


3CFh 
8 
OBh 


Description 

Reserved 

Offset Granularity 

Enable Enhanced Writes for 16-bit Pixels 
Enable 8-Byte Data Latches 

Enable Extended Write Modes 

Enable BY8 Addressing 

Enable Offset Register 1 


This register enables/disables Extended Write modes. These Extended Write modes provide com- 
patibility with earlier Cirrus Logic non-BitBLT controllers. 


Bit 
7:6 
5 


Description 
Reserved 


Offset Granularity: If this bit is set to ‘1’, the Offset registers are redefined as con- 
taining bits [6:0] which are added to Address bits [21:14] to provide access to 4 
Mbytes of display memory with 16-Kbyte granularity. SR7[4] (least-significant bit of 
a 1-Mbyte address page) becomes a don’t care. 


Enable Enhanced Writes for 16-bit pixels: When this bit and GRB[2] are both set 
to ‘1’, the CL-GD5480 executes enhanced writes. In particular: 

BY16 Addressing Enabled: The system address is shifted by four relative to true 
packed-pixel addressing so that each system byte address points to a different 8- 
pixel (16-byte) block in display memory. 

16-Byte Transfer Enabled: Up to 16 bytes (8 pixels) can be written into display 
memory for each CPU byte transfer. 

GR10 and GR11 Enabled: Registers GR10 and GR11 are enabled as foreground 
and background color extensions. 

SR2 Doubling Enabled: Each bit of register SR2 is a pixel write mask for 2 bytes 
(1 pixel). 


Enable Eight-Byte Data Latches: If this bit is set to ‘1’, the display memory 
latches are 8 bytes wide rather than the normal four. 
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8.21 GRB: Graphics Controller Mode Extensions (cont.) 


Bit 
2 


Description 


Enable Extended Write Modes: If this bit is set to ‘1’, the CL-GD5480 executes an 
Extended mode write. In particular: 


8-Byte Transfer Enabled: Up to 8 bytes (8 pixels) can be written into display mem- 
ory for each CPU byte transferred. If GRB[4] is set to ‘1’, up to 16 bytes can be writ- 
ten for color expansion. 


GRO Extended: Register GRO is extended from 4 to 8 bits. 
GR1 Extended: Register GR1 is extended from 4 to 8 bits. 
SR2 Extended: Register SR2 is extended from 4 to 8 bits. 


GRB[4] Enabled: GRB[2] must be set to ‘1’ to enable GRB[4]. A side effect of pro- 
gramming this bit from ‘1’ to ‘0’ is to clear GRO[7:4] and GR1[7:4] to ‘0’. 


Enable BY8 Addressing: The system address is shifted by three relative to true 
packed-pixel addressing so that each system byte address points to a different 8- 
pixel (8-byte) block in display memory. This bit must be set to ‘0’ if GRB[4] is set to 
‘1’ (that is, BY8 and BY16 addressing must not be selected simultaneously). 


Enable Offset Register 1: If this bit is set to ‘1’, then register SA15 selects 
between Offset registers 0 and 1. If this bit is set to ‘0’, then Offset register ‘0’ is 
always selected regardless of the value of register SA15. This bit must always be 
set to ‘0’ for 1 Mbyte of linear addressing. 
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8.22 GRC: Color Key/Chroma Key Compare 
I/O Port Address: 3CFh 


Size (bits): 8 

Index: OCh 

Bit Description Reset State 
7 Color/Chroma Key Compare [7] 1 
6 Color/Chroma Key Compare [6] 1 
5 Color/Chroma Key Compare [5] 1 
4 Color/Chroma Key Compare [4] 1 
3 Color/Chroma Key Compare [3] 1 
2 Color/Chroma Key Compare [2] 1 
1 Color/Chroma Key Compare [1] 1 
0 Color/Chroma Key Compare [0] 1 


This register contains one byte of the graphics color key value or the video chroma key value. 


Bit Description 
7:0 Color/Chroma Key Compare [7:0]: The use of this field depends on CR1D[5:3] 


and the graphics color depth as summarized in the following table. Refer to 
Section 9.7.9 on page 9-43, for additional information on occlusion. Color key and 
chroma key occlusion is supported for 8- and 16-bpp modes. Color key occlusion 
is supported for 24-bpp graphics modes. 

















CR1D[5] | CR1D[4:3] Case GRC GRD GR1C 

0 00 8-bit compare under mask | Color key Mask = 
16-bit compare ‘ 7 

0 01 (SR7[3:1] = 011) Low byte | High byte 
24-bit compare 

0 01 (SR7[3:1] = 010) Blue Green Red 

0 10 Reserved - - - 

0 11 RGB1:5:5:5 [15] Unused bit 7 - 

1 XX Chroma key (video) ae | ee 


R Min R MAX G MIN 
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8.23 GRD: Color Key/Mask/Chroma Key 
I/O Port Address: 3CFh 


Size (bits): 8 

Index: ODh 

Bit Description Reset State 
7 Color Key/Mask/Chroma Key [7] 0 
6 Color Key/Mask/Chroma Key [6] 0 
5 Color Key/Mask/Chroma Key [5] 0 
4 Color Key/Mask/Chroma Key [4] 0 
3 Color Key/Mask/Chroma Key [3] 0 
2 Color Key/Mask/Chroma Key [2] 0 
1 Color Key/Mask/Chroma Key [1] 0 
0 Color Key/Mask/Chroma Key [0] 0 


This register contains the 8-bit color key mask, or one byte of the color key or chroma key. 
Bit Description 


7:0 Color Key/Mask/Chroma Key [7:0]: Depending on CR1D[5:3], this field can serve 
as the most-significant byte of the color key (graphics), the mask for 8-bpp color 
key (graphics), or the Y maximum for chroma key (video). See Chapter 9, “Pro- 
gramming Notes”, and Section 8.22. 
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8.24 GRE: Power Management 


I/O Port Address: 
Size (bits): 
Index: 


Bit 
7:6 


o-NWAO 


3CFh 
8 
OEh 


Description 

Reserved 

Enable Writes to GR383 

System Level Power Management 
Static Clock Mode 

Static VSYNC 

Static HSYNC 

DCLK Output +2 


This register contains bits used for power management. 


Bit 
7:6 


5 


Description 
Reserved 


Enable Writes to GR33: If this bit is ‘1’ or GR31[7] is ‘1’, then GR33 can be written. 
If this bit is ‘0’ and GR31[7] is ‘0’, then register GR33 is write protected. The 
CL-GD5480 takes the bus cycle and returns TRDY#, but the data directed to reg- 
ister GR33 is discarded. 


System Level Power Management: If this bit is set to ‘1’, host access to the dis- 
play memory is disabled (see MISC[1]) and screen refresh is disabled (see 
SR1[5]). This bit must be set to ‘1’ prior to setting GRE[3] to ‘1’. This bit must be set 
to ‘0’ only after programming GRE{[3] to ‘0’. The SMCLK and VCLK VCOs continue 
to operate at their programmed frequencies, but the device consumes very little 
power. SGRAM refresh continues. 


Static Clock Mode: If this bit is set to ‘1’, the CL-GD5480 is placed in Static Clock 
mode. VCLK and SMCLK are gated off, so the device does not dissipate any 
dynamic power. SGRAM refresh continues using the reference oscillator. When the 
device is in Static Clock mode, memory reads and writes are not valid. I/O 
accesses other than Palette registers are valid. See Section 9.13 on page 9-63 for 
important programming notes. 
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8.24 GRE: Power Management (cont.) 


Bit 
2 


Description 


Static VSYNC: If this bit is set to ‘1’, the VSYNC output is static. The level is as 
programmed into MISC[7]. In addition, the DAC is placed in the power-down state. 
The palette can still be accessed if the device is not powered down with GRE[4:3]. 
If this bit is set to ‘0’, the VSYNC pin functions as programmed by the CRTC regis- 
ters. 


Static HSYNC: If this bit is set to ‘1’, the HSYNC output is static. The level is as 
programmed into MISC[6]. In addition, the DAC is placed in the power-down state. 
The palette can still be accessed if the device is not powered down with GRE[4:3]. 
If this bit is set to ‘0’", the HSYNC pin functions as programmed by the CRTC reg- 
isters. 


DCLK Output ~2: This bit is retained for compatibility only. See CR50[5]. 
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8.25 GR16: Active Display Line Readback Byte 0 


I/O Port Address: 
Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3CFh 
8 
16h 


Description 

Active Display Line [7] 
Active Display Line [6] 
Active Display Line [5] 
Active Display Line [4] 
Active Display Line [3] 
Active Display Line [2] 
Active Display Line [1] 
Active Display Line [0] 


This read-only register contains the least-significant 8 bits of the current active display line. 


Bit 
7:0 


Description 


Active Display Line [7:0]: This register can determine the current active display 
line. The least-significant 8 bits are returned in this read-only register. The two 
most-significant bits are returned in GR17[1:0]. 


When CR17[2] is ‘1’, vertical register doubling is enabled. This is used for 1152 x 
864 and 1600 x 1200 modes. In this case, the count is one-half the actual video 
line count. The value returned in this field is the same for the first or second of each 
pair of lines. 


Programming Note: GR17[1:0] and GR16[7:0] provide a method of determining 
the current scanline. When either of these registers are read, the appropriate bits 
of the vertical line counter are returned. Since these registers are not accessible 
with memory-mapped I/O, it is impossible to read them at the same instant. The 
programmer must consider the consequences of the counter having been incre- 
mented in the interval between the reads. 


For example, if the least-significant field increments from FFh to OOh in this interval, 
the combined results are either 255 too high or 256 too low, depending on the order 
the fields were read. To resolve this, first read register GR17, then read register 
GR16. If register GR16 is not equal to ‘0’ when read, the programmer can be cer- 
tain that register GR17 did not change (either as a result of a carry from register 
GR16 or as a result of the counter being cleared) after it was read and that the 
results are self-consistent. 
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8.26 GR17: Active Display Line Readback Byte 1 


1/O Port Address: 


Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3CFh 

8 

17Dh 
Description Reset State 
Programmable Input GPIODO 
Programmable Output [1] 0 
Programmable Output [0] 0 
V-Port Interrupt Status 
Disable DCLK Pin Driver CFI 
Enable INTA# 0 


Active Display Line [9] 
Active Display Line [8] 


This register contains the two most-significant bits of the active display line counter, as well as a 
number of miscellaneous controls. 


Bit 
7 


6:5 


November 1996 


Description 
Programmable Input: This read-only bit reflects the level on GPIODO. 


Programmable Output [1:0]: These two bits are directly programmable outputs. 
When the EPROM is disabled (PCI30[0] = 0) these two bits control the levels on 
GPIOD[7:6] when GPIOAS# is active, or if GPIO is not configured. These levels 
can be latched in the same external TTL device that latches the GPIO address bus 
and provides control for external devices. The last column in the following table 
shows how these controls are used in the reference design. 














Pin Name Alternate Pin Name neterenice 
Design 
GPIOD7 OUT1 DDC enable 
5 GPIOD6 OUTO Feature connector Z12 














V-Port Interrupt Status: This read-only bit returns the status of the V-Port interrupt 
if enabled in CR3F[1]. A‘1’ indicates that VPORT VREF was the source of the inter- 
rupt request. This status bit is cleared only by writing a ‘0’ to CR3F[1]. 

This status condition can also be read in CR62[0], allowing an interrupt service rou- 
tine to read a single register to look for all possible sources. If the software uses 
CR62 exclusively, it need never clear this bit. 


Disable DCLK Pin Driver: When this bit is ‘1’, the output driver on the DCLK pin 
is disabled. The power-up state of this bit is controlled by CF 1. 


8-34 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual MISCELLANEOUS EXTENSION REGISTERS 


8.26 GR17: Active Display Line Readback Byte 1 (cont.) 


Bit Description 
2 Enable INTA#: This bit is used only if a pull-down resistor is installed on GPIOD3 


to claim a PCI interrupt. If so and this bit is ‘0’, an internal interrupt condition is pre- 
vented from driving the INTA# pin low. If this bit is ‘1’ and the interrupt is claimed, 
an internal interrupt condition causes INTA# to be driven low. See CR62 to deter- 
mine the source of the interrupt request. 


1:0 Active Display Line [9:8]: This field is the two most-significant bits of the active 
display line. See Section 8.25. 
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8.27 GR18: Memory Option 


I/O Port Address: 


Size (bits): 
Index: 


Bit 


wOohOODN 


2:0 


3CFh 
8 
18h 


Description Reset State 
Enable MISC Pin 0 
MISC Pin Function 

Enable DAC Clock Doubling 
Reserved 

Single Refresh Cycle 
Reserved 


oOOO0 0 


This register contains miscellaneous function and enable bits. This register is reset to ‘0’. 


Bit 
7 
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Description 


Enable MISC Pin: If this bit is ‘0’, the MISC pin (157) is inactive. If this bit is ‘1’, the 
MISC pin is active. See GR18[6]. 


MISC Pin Function: If GR18[7] is ‘0’, the MISC pin is inactive and this bit is a don’t 
care. If GR18[7] is ‘1’, this bit has the following meaning. 


If this bit is ‘0’, the MISC pin reflects the busy status of the BitBLT engine. A logic 
‘1’ indicates that the engine is active. 


If this bit is ‘1’, the MISC pin reflects the state of the color key (not chroma key) com- 
pare. The output comes from the video pipe compare logic. The output is five 
VCLKs prior to the replaced pixel in clock-doubled modes and ten VCLKs prior to 
the replaced pixel is non-clock-doubled modes. A logic ‘1’ indicates a true compare 
(the pixel will be replaced in the stream). 


Enable DAC Clock Doubling: If this bit is ‘1’, the CL-GD5480 is configured for 
DAC clock doubling. The VCLK is programmed to one-half the desired pixel fre- 
quency and doubled at the DAC. Pixels are sent through the pipeline two in parallel, 
separated at the DAC and converted to analog at the doubled clock frequency. This 
can be used for 8-bpp LUT graphics mode and 15- and 16 bpp RGB modes. This 
bit should be used rather than the HDR code for all new software. 


Reserved 
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8.27. GR18: Memory Option (cont.) 


Bit Description 
3 Single Refresh Cycle: If this bit is set to ‘1’, the CL-GD5480 generates a single 


CAS#-before-RAS# refresh cycle per scanline, allowing more SMCLK cycles for 
CPU access. The value programmed into CR1 1[6] is ignored. This mode should be 
enabled only when the horizontal frequency is high enough to guarantee the 
SGRAM refresh period specification is met. If this bit is set to ‘0’, the CL-GD5480 
generates either two or four refresh cycles per scanline according to the value in 
CR11[6]. 


2:0 Reserved 
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8.28 GR19: GPIO Port Timing 


I/O Port Address: 


Size (bits): 
Index: 


Bit 


O-NWHRUON 


3CFh 
8 
19h 


Description 

Reserved 

Control Signal Type 

Minimum Command Strobe Active 
CS# to Command Delay 
Command to RDY# Sampled 

AS# to CS# Delay 

Cycle Termination Method 
Reserved 


This register contains controls for the GPIO port. GPIO must be enabled with configuration bits 
CF2 and CF3. See Appendix B11, “General-Purpose I/O”, for detailed information. 


Bit 
7 


6 


Description 


Reserved 


Control Signal Type: If this bit is ‘1’, the GPIO port is configured for the DS#, R/W# 
control signals. If this bit is ‘0’", the GPIO port is configured for the IOWR#, IORD# 
control signals. 


Minimum Command Strobe Active: If this bit is ‘0’, the IORD# or IOWR# strobe 
(or DS# strobe) is a minimum of two PCICLKs. If this bit is ‘1’, the IORD# or IOWR# 
strobe (or DS# strobe) is a minimum of four PCICLKs. 


CS# to Command Delay: If this bit is ‘0’, there is a one CLK delay from CS# active 
to IORD# or IOWR# (or DS#) active. If this bit is ‘1’, there is a two PCICLK delay 
from CS# active to IORD# or IOWR# (or DS#) active. 


Command to RDY# Sampled: If this bit is ‘0’, there is a one PCICLK delay from 
lIORD# or IOWR# (or DS#) active until RDY# (or DTACK) is sampled for the first 
time. If this bit is ‘1’, there is a two PCICLK delay from IORD# or IOWR# (or DS#) 
active until RDY# (or DTACK) is sampled for the first time. 


AS# to CS# Delay: If this bit is ‘0’, there is a one CLK delay from AS# to CS# active. 
If this bit is ‘1’, there is a two PCICLK delay from AS# to CS# active. 


Cycle Termination Method: If this bit is ‘0’, the cycle terminates when RDY is sam- 
pled high. If this bit is ‘1’, the cycle terminates with the falling edge of active-low 
DTACK. See Appendix B11, “General-Purpose I/O”. 


Reserved 
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8.29 GR1A-—GR1B: Scratch Pad 4, 5 
I/O Port Address: 3CFh 


Size (bits): 16 

Index: 1Ah, 1Bh 

Bit Description Reset State 
7 R/W Data [7] 0 
6 R/W Data [6] 0 
5 R/W Data [5] 0 
4 R/W Data [4] 0 
3 R/W Data [8] 0 
2 R/W Data [2] 0 
1 R/W Data [1] 0 
0 R/W Data [0] 0 


These two registers are reserved for the exclusive use of the CL-GD5480 BIOS. This register 
description is included for completeness only. 


NOTE: This register must never be written by any application program. 
Bit Description 


7:0 R/W Data [7:0]: These bits are reserved for the Cirrus Logic BIOS. 
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8.30 GR7D-GR7F: Hidden Graphics Extension 7D, 7E, 7F 


I/O Port Address: 3CFh 
Size (bits): 8 
Index: 7Dh, 7Eh, 7Fh 


w 
-~ 


Description 
HGE[7] 
HGE[6] 
HGE[5] 
HGE[4] 
HGE[3] 
HGE[2] 
HGE[1] 
HGE[0] 


O-NWHRUOON 


These three registers are reserved for the exclusive use of the CL-GD5480 BIOS. 


NOTE: This register must never be written by any application program. 


Bit Description 
7:0 Hidden Graphics Extension[7:0]: This description is included for customers writ- 


ing their own BIOS. GR7D must be programmed to ‘OxF0’, GR7E must be pro- 
grammed to ‘OxF0’, and GR7F must be programmed to ‘0x00’. 
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8.31 CR19: Interlace End 
I/O Port Address: 3D5h 


Size (bits): 8 

Index: 19h 

Bit Description 

7 Interlace End [7] 
6 Interlace End [6] 
5 Interlace End [5] 
4 Interlace End [4] 
3 Interlace End [3] 
2 Interlace End [2] 
1 Interlace End [1] 
0 Interlace End [0] 


This register holds the ending horizontal character count for the odd field VSYNC. 


Bit Description 
7:0 Interlace End [7:0]: This value is the number of characters in the last scanline of 


the odd field in interlaced timing. This can be adjusted to center the scanlines in 
the odd field halfway between scanlines in the even field. This register is typically 
set to approximately half the horizontal total. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.32 CR1A: Miscellaneous Control 


I/O Port Address: 
Size (bits): 
Index: 


3D5h 
8 
1Ah 


Description 

Vertical Blank End [9] 

Vertical Blank End [8] 

Horizontal Blank End [7] 

Horizontal Blank End [6] 

Reserved 

Enable Double Buffered Display Start Address 
Enable Interlaced 


This register contains timing overflow bits and miscellaneous control bits. 


Bit 
7:6 


5:4 


3:2 


Description 


Vertical Blank End [9:8]: This 2-bit field extends the vertical blank end value to 10 
bits. Refer to Table 4-2 on page 4-25 for the timing value bits. These bits are 
enabled only if CR1B[5] is set to ‘1’ or if CR1B[7] is set to ‘1’. 


Horizontal Blank End [7:6]: This 2-bit field extends the horizontal blanking end 
value to 8 bits. Refer to Table 4-2 on page 4-25 for the timing value bits. These bits 
are enabled only if CR1B[5] is set to ‘1’, or if CR1B[7] is set to ‘1’. 


Reserved 


Enable Double Buffered Display Start Address: If this bit is set to ‘1’, the display 
start address updates on the VSYNC following a write to start address low. This 
provides control of display frame switching without the need to explicitly monitor 
VSYNC. Setting this bit to ‘1’ also enables the double-buffering of the video window 
position and width in registers CR31—CR39 and CR41—CR49. 


When this bit is ‘1’, the window setup procedure must write CR37 and CR47 last. 


Enable Interlaced: If this bit is set to ‘1’, interlaced timing is enabled. Interlaced 
timing means interlaced sync in text mode, and interlaced sync and display data in 
Graphics mode. In addition, IRQ# requests are only generated at the end of odd 
fields (that is, at the end of a frame). 


For interlaced sync and data in graphics mode, the CRTC Scan Double bit (CR9[7]) 
must be set to ‘0’. Graphics modes 4 and 6 must always be non-interlaced. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.33 CR1B: Extended Display Controls 


I/O Port Address: 
Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3D5h 
8 
1Bh 


Description 

Enable Blank End Extensions 
Display Address Offset [9] 

Blanking Control 

Display Address Offset [8] 

Screen Start A Address [18] 

Screen Start A Address [17] 

Enable Extended Address Wrap 
Extended Display Start Address [16] 


This register contains bits that control extended display functions. 


Bit 
7 


3:2 


Description 


Enable Blank End Extensions: If this bit is set to ‘0’, the Vertical and Horizontal 
Blank End Extension bits in register CR1A are disabled if CR1B[5] is also ‘0’. 


If this bit is set to ‘1’, the Vertical and Horizontal Blank End Extension bits in CR1A 
are enabled, regardless of the programming of CR1B[5]. 


Display Address Offset [9]: This bit extends the CRTC Offset register (CR13) by 
one bit. Refer to Table 4-2 on page 4-25 for a summary of CRTC Timing register. 


Blanking Control: If this bit is set to ‘0’, the DAC blanking is controlled by the 
Blanking Signal generated by the CRTC. In this case, the border can be used 
(Refer to Section 4.58 for a description of AR11). 

If this bit is set to ‘1’, DAC blanking is controlled by display enable. The DAC is 
blanked during the time when the border is normally displayed. In addition, pro- 
gramming this bit to ‘1’ enables the Vertical and Horizontal Blank End Extension 
bits in register CR1A. 


Display Address Offset [8]: This bit extends the CRTC Offset register (CR13) by 
one bit. Refer to Table 4-2 on page 4-25 for a summary of CRTC Timing registers. 


Screen Start A Address [18:17]: These two bits extend the Screen Start A 
address. 
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8.33 CR1B: Extended Display Controls (cont) 


Bit 
1 


Description 


Enable Extended Address Wrap: If this bit is set to ‘0’, the display memory 
address wraps at 64K maps (256K total memory) providing VGA compatibility. If 
this bit is set to ‘1’, the display memory address wraps at the total available memory 
size. 


In particular, this bit provides the following functions: 


If this bit is set to ‘1’, and Chain-4 addressing is selected (SR4[3] = 1), then display 
memory addresses AO and A1 are supplied from addresses XMA[16] and 
XMA|17]. XMA[18:12] addresses are the sum of XA[16:12] and either Offset regis- 
ter O or 1. 


If this bit is set to ‘1’ and CRTC dword addressing is selected (CR14[6] = 1), then 
display memory addresses AO and A1 are supplied from CRTC addresses CR[14] 
and CR[15]. This provides four displayable pages in display mode 13h. Character 
counter addresses CA[16] and CA[18] provide up to 256 Kbytes in each bit plane, 
or 1 Mbyte of packed-pixel memory. 


If this bit is set to ‘0’", the CRTC character address counter is 16-bits wide, providing 
VGA compatibility. If this bit is set to ‘1’, the CRTC character address counter is 
19-bits wide. 


Extended Display Start Address [16]: This is bit 16 of the extended display start 
address. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.34 CR1C: Sync Adjust and GENLOCK 


I/O Port Address: 


Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3D5h 
8 
1Ch 


Description 

Enable VSYNC GENLOCK 
Enable HSYNC GENLOCK 
Horizontal Total Adjust [2] 
Horizontal Total Adjust [1] 
Horizontal Total Adjust [0] 
Horizontal Sync Start Adjust [2] 
Horizontal Sync Start Adjust [1] 
Horizontal Sync Start Adjust [0] 


This register enables GENLOCK for horizontal timing adjustments. 


Bit 
7 


Description 


Enable VSYNC GENLOCK: If this bit is set to ‘1’, VSYNC GENLOCK is enabled. 
The VSYNC pin becomes an input. See Appendix BY, “GENLOCK Support”. 


If the CL-GD5480 is programmed for interlaced operation, the first transition sam- 
pled after this bit has been set to ‘1’ also clears the interlace field state to ‘even’. 


Enable HSYNC GENLOCK: If this bit is set to ‘1’, HSYNC GENLOCK is enabled 
and the HSYNC pin becomes an input. The value programmed into the Horizontal 
Total register must be so that the external HSYNC occurs before the programmed 
value is reached. This function is independent of VSYNC GENLOCK. 


Either VSYNC GENLOCK or HSYNC GENLOCK is used with an external VCLK 
derived externally from the video source and supplied to DCLK (EDCLK is low). 
MISC register 3C2[3:2] must be set to ‘1X’ so that the externally generated DCLK 
drives the CRT Controller and the DAC. The external master supplies HSYNC and 
VSYNC to the display and to the CL-GD5480. 


Copyright 1996 — Cirrus Logic Inc. 8-45 November 1996 


MISCELLANEOUS EXTENSION REGISTERS 


8.34 CR1C: Sync Adjust and GENLOCK (cont.) 


Bit 
5:3 


2:0 


Description 


CL-GD5480 Technical Reference Manual 


Horizontal Total Adjust [2:0]: This field allows for a —3/+4 VCLK adjustment of the 
programmed Horizontal Total. The length of the character, which occurs two char- 
acter clocks after the horizontal counter has reached the value programmed into 
horizontal total, is adjusted according to this field. The following table shows this 























adjustment: 
CR1C[5:3] | Character Clock Adjustment 
000 0 (Normal) 
001 -3 VCLKs 
010 -—2 VCLKs 
011 —1 VCLKs 
100 +1 VCLKs 
101 +2 VCLKs 
110 +3 VCLKs 
111 +4 VCLKs 




















Horizontal Sync Start Adjust [2:0]: This field allows a 0-7 VCLK adjustment of 
the position of Horizontal Sync Start (relative to BLANK#). HSYNC is delayed the 
additional number of VCLKs programmed in this field. The HSYNC width is still 
adjustable in character clock increments. 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.35 CR1D: Overlay Extended Control 


I/O Port Address: 


Size (bits): 
Index: 


Bit 


oOorOODN 


2:0 


3D5h 
8 
1Dh 


Description 

Screen Start A Address [19] 
Reserved 

Color Key / Chroma Key Select 
Color Key Control [1] 

Color Key Control [0] 
Reserved 


This register contains a number of bits that extend the Overlay functions. 


Bit 
7 


4:3 


2:0 


Description 
Screen Start A Address [19]: This is bit 19 of the display start address. 
Reserved 


Color Key / Chroma Key Select: If this bit is ‘0’", graphics data is compared to the 
color key in registers GRC, GRD, and CR1C (depending on the graphics data 
width). If this bit is ‘1’, video data is compared to the chroma key in registers GRC, 
GRD, and GR1C-—GR1F. See Section 9.7.9 on page 9-43. 


Color Key Control [1:0]: This field specifies the details of the color key function, 
as summarized in the following table. See Section 9.7.9 on page 9-43. 






































CR1D[4:3] Case GRC GRD 
00 8-bit compare under mask | Color Key Mask = 
16-bit compare _ 
01 (16-bpp graphics mode) Low byte | High byte 
14-bit compare 
01 (24-bpp graphics mode) Red Green Blue 
10 Reserved - - - 
11 RGB1:5:5:5 [15] Unused bit 7 - 
Reserved 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.36 CR1E—-CR1F: Bus Master Page Table Start Address Byte 1, 2 


I/O Port Address: 
Size (bits): 
Index: 


Bit 


O-NWHRUOON 


3D5h 
16 
1Eh, 1Fh 


Description 

Bus Master Page Table Address [17] 

Bus Master Page Table Address [16] 

Bus Master Page Table Address [15] 

Bus Master Page Table Address [14] 

Bus Master Page Table Address [13] / [21] 
Bus Master Page Table Address [12] / [20] 
Bus Master Page Table Address [11] / [19] 
Bus Master Page Table Address [10] / [18] 


This register pair contains the address of the bus master page table in the frame buffer. 


Bit 
7:0 


Description 


Bus Master Page Table Address [21:10]: This field specifies the address of the 
beginning of the bus master page table. Bits 21:18 are in CR1F; bits 17:10 are in 
CRI1E. Each bus master client provides an offset from the page table base that 
specifies the actual address of the dword entry to be used. The following table 
shows the address source for the current bus master clients. Overlapping bits are 
resolved by addition. 





Client 21:10 11:10 9:2 
Stream Engine Buffer 1 CR1E-CR1F CR78[7:6] CR70[7:0] 
Stream Engine Buffer 2 CR1E-CRI1F CR79[7:6] CR74[7:0] 
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8.37 CR25: Part Status (Read only) 
I/O Port Address: 3D5h 


Size (bits): 8 

Index: 25h 
Bit Description 
7 PSR [7] 
6 PSR [6] 
5 PSR [5] 
4 PSR [4] 
3 PSR [3] 
2 PSR [2] 
1 PSR [1] 
0 PSR [0] 


NOTE: This read-only register is for factory testing and internal tracking only. Application programs never 
need to read this register. This register description is included for completeness only. 


Bit Description 


7:0 Part Status Value [7:0] 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.38 CR27: ID (Read only) 


I/O Port Address: 3D5h 
Size (bits): 8 
Index: 27h 


Bit Description 
Device ID [5] 
Device ID [4] 
Device ID [3] 
Device ID [2] 
Device ID [1] 
Device ID [0] 

0 Reserved 


=-NWROON 


This read-only register returns an identifying value. Applications programs need not read this reg- 
ister if a Cirrus Logic BIOS is available. Instead, applications should use the Inquire VGA Type 
INT10 call. See Appendix C3, “BIOS Extensions”. 

















Bit Description 
7:2 Device ID [5:0]: This 6-bit field contains a unique identifier, as shown in the follow- 
ing table: 
Product CR27[7:2] 
CL-GD5480 101110 
1:0 Reserved 








NOTE: If the CL-GD5480 is programmed for Monochrome mode, the registers at 3Dxh are at 3Bxh. 
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8.39 HDR: Hidden DAC 


I/O Port Address: 3C6h 
Size (bits): 8 
Index: = 


Bit Description Reset State 
7 Enable 5:5:5 Mode 0 
6 Enable All Extended Modes 
5:4 Reserved 

3 Extended Mode Select [3] 
2 Extended Mode Select [2] 

1 Extended Mode Select [1] 
0 Extended Mode Select [0] 0 


oOOO0C0 0 


This register selects the Extended Color modes, including 15-, 16-, and 24-bpp modes. This reg- 
ister is cleared to ‘0’ at reset, placing the CL-GD5480 in VGA-compatibility mode. 


This register is accessed by reading the Pixel Mask register at O3C6h four times in succession; 
the next write or read at O3C6h accesses the HDR. Subsequent accesses require four more 
accesses to the Pixel Mask register. 


Bit Description 
7 Enable 5:5:5 Mode: If this bit is set to ‘0’, the Extended Color modes are disabled 


and the palette DAC is VGA-compatible. If this bit is set to ‘1’, Extended Color 
modes are enabled, as chosen by bits 6 and 3:0 of this register. 


6 Enable All Extended Modes: If this bit is set to ‘0’ and bit 7 is set to ‘1’, the palette 
DAC is in 5:5:5 Sierra mode, regardless of the values set in bits 3:0. If this bit is set 
to ‘1’ and bit 7 is set to ‘1’, the Palette DAC mode is selected by the values set in 
bits 3:0 of this register. 


5:4 Reserved 
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8.39 HDR: Hidden DAC (cont.) 
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Bit Description 
3:0 Extended Mode Select [3:0]: This 4-bit field selects the Extended Color mode 


according to the following table. 






































7 6 5 4 3 2 1 

0 X Xx xX Xx Xx Xx VGA compatibility (Palette mode) 
0 1 X xX 1 0 1 Palette mode > 85 MHz> 

1 1 X X 0 0 0 5:5:5 Sierra™ 

1 1 X X 0 0 0 5:6:5 XGA™ 

1 1 Xx Xx 0 1 0 8:8:8 16M colors (24- or 32-bit) 

1 1 X X 0 1 1 Power-down DAC ¢ 








o 


grams. 


a 


Undefined values are reserved. 
This mode is retained for compatibility. See GR18[5], which should be used for all new pro- 


The result of programming this pattern is identical to the effect of setting GRE[2] or GRE[1] 


to ‘1’: IREF is turned off, greatly reducing the power consumed in the DACs; VCLK to the 
palette is gated off, placing it in low-power static operation. 
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9. 


9.1 


9.2 


9.2.1 


PROGRAMMING NOTES 


Introduction 


This chapter contains information on programming the CL-GD5480. Topics discussed are: 
e How to access resources such as registers, frame buffer, and so on 

e Formats and organization of pixels in the frame buffer are discussed for each pixel format 

e The BitBLT engine with text and comprehensive examples 

e The hardware video windows 

e Video capture 

e The hardware cursor 

e Synthesizer programming 

e Power management 

e CRTC programming 

e Chip identification 

e Code fragments 

e Programming examples 

This chapter is intended to be used in conjunction with the rest of this manual, especially the reg- 


ister chapters. This chapter (or at least the sections of it that apply to the programming exercises) 
should be read in its entirety. 


Cirrus Logic provides a comprehensive BIOS for the CL-GD5480. This should be used whenever 
possible. If an application seems to need to directly program registers (except the BitBLT and 
V-Port registers), this is an indication that the BIOS is not being properly utilized. The BIOS is fur- 
ther discussed in Appendix C2, “VGA BIOS”, and Appendix C3, “BIOS Extensions”. 


Resource Addressing 


The CL-GD5480 has three general classes of resource accessible: Registers, frame buffer, and 
BIOS ROM. Access of these resources is discussed in the following sections. 


Registers 


9.2.1.1 Standard I/O Addresses 


The standard VGA registers can be accessed for read or write at the standard addresses in the 
I/O space when PCI04{0] is ‘1’. Table 9-1 lists the I/O addresses used by the CL-GD5480. 


Table 9-1. Standard I/O Addresses 





Address Recisters Index/Data | Monochrome/ 
(hex) 9 Pair Color 


3B4-3B5 CRTC Monochrome 





3BA Feature Control/ Status1 Monochrome 
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Table 9-1. Standard I/O Addresses (cont.) 























hear Registers ee eee 
3C0-3C1 | Attribute Controller v Both 
3C2 MISC Out/ Status 0 Both 
3C4-3C5 | Sequencer v Both 
3C6-3C9 | DAC Palette Both 
3CA Feat Readback Both 
3CC MISC Out Readback Both 
3CE-3CF | Graphics Controller v Both 
3D4-3D5 | CRTC v Color 
3DA Feature Control/ Status 1 Color 























The CRTC Controller registers are at 3B4—3B5 or 3D4—3D5 when the CL-GD5480 is programmed 
for Monochrome or Color mode, respectively. This manual uses registers 3D4—3D5. 


All the VGA registers are 8 bits (Some bits are reserved on some registers). 


Several address pairs are used for a number of registers; an index specifies which register at a 
given address is to be written or read. For example, the Graphics Controller index and Data 
addresses are 3CEh and 3CFh, respectively. First the index is written, then the data is written or 
read, as illustrated in the following code fragment example: 


mov dx, 3ceh ;point to graphics controller index 

mov al, 5h ;will access GR5 (mode register) 

out dx,al ;set index 

inc dx ;point to data address (increment 3ce to 3cf) 
in al,dx j;and read the register 


The index and data can be written in a single cycle; this is often done to increase throughput. The 
index and data are concatenated to form a single 16-bit operand, written to the address of the 
index (the even address). The index occupies the least-significant byte (AL) and the data occupies 
the most-significant byte (AH). For example, to write the value 38h to the SMCLK Select register 
(SR1F), the following code fragment example could be used. 


mov ax, 381fh j;index is 1f, data is 38 
mov dx, 3c4h ; sequencer port 
out dx, ax ;set SMCLK to 100 MHz 


Addressing the Attribute Index and Data ports is slightly different. The distinction between the 
index and data ports is not made by means of the address, but rather by an internal flip-flop that 
toggles between index and data. There are still two addresses: 3COh is used to write an index or 
data and 3C1th is for reads. The internal toggle can be read at register CR24, but it is easier to 
force it to ‘index’ by reading the STAT register at 3DAh (3BAh for monochrome). 


When the index is written, bit 5 must be ‘0’, but then must be programmed to ‘1’ to leave the display 
on. The following code fragment example can be used to set the VGA border color in register 
AR11. 
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mov dx, 3dah ;point to STAT (color mode) 
in al, dx ;force the toggle to index 
mov dx, 3c0h ;point to attribute controller write port 
mov al,1ilh ;AR11 is Overscan (border) color 

;leaves toggle pointing at data port 
out dx,al ;write the index, bit five (20h) must be 0 
mov al,2h ;green is the colour of my true love’s hair 
out dx,al j;use 3C0O for writes, 3Cl for reads 

;leaves toggle pointing at index port 
mov al,20h ;will now turn display back on 
out dx,al ;leaves toggle pointing at data port 











9.2.1.2 VGA Register Relocation 


The VGA I/O registers can be addressed at an arbitrary base address in memory space. Only byte 
and word accesses are allowed for the VGA registers. PCI14 specifies where the VGA registers 
are addressed. The offsets of each register from the base address specified in PCI14 are given in 
Table 9-2. The VGA registers (and the BitBLT registers) are always accessible through PCI14. 
VGA register accessibility at the standard VGA locations in I/O can be disabled. See PCI04(0]. 


Table 9-2. VGA Registers Relocation Offset 


























VGA Address (hex) | Register(s) Offset (hex) 
3C0/3C1 Attribute Controller 00/01 
3C2 MISC Out (write)/Status 0 (read) 02 
3C4/3C5 Sequencer 04/05 
3C6-3C9 DAC Palette 06-09 
3CA Feature Readback OA 

3CC MISC Out Readback 0c 
3CE/3CF Graphics Controller OE/OF 
3D4/3D5 CRTC (MISC[O0] = 1) 14/15 
3DA Feature Control/Status 1 1A 




















NOTE: Attribute register reads must follow writes by at least one cycle when relocation is in effect. 
9.2.1.3 BitBLT Registers 
Memory-Mapped I/O 


The registers that control the BitBLT engine are addressable in memory space as well as I/O 
space. When MMI/O is used, up to 4 bytes can be written with a single operation. This significantly 
increases throughput, especially since the addresses are carefully allocated so that registers with 
a similar function are grouped into a common dword. In addition, PCI bursts can occur. MMI/O is 
always enabled on the CL-GD5480. The base address is specified in PCI14. 


These registers can be written with byte, word, or dword accesses. They are write-only with 
MMI/O, except for GR31, which is read/write. If write-only registers are read with MMI/O, the 
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CL-GD5480 takes the cycle and returns TRDY#, but the information returned is not valid. When 
MMI/O is enabled, ordinary I/O can still be used, including read cycles. 


Table 9-3 lists the registers accessible with MMI/O. The offset is from the base address in PCI14 
(address bit 8 must be ‘1’). 













































































Table 9-3. BitBLT Registers in Memory Space 

ies Description Byte 3 Byte 2 Byte 1 Byte 0 
100 Background Color GR14 GR12 GR10 GRO 
104 Foreground Color GR15 GR13 GR11 GR1 
108 BLT Height/Width GR23 GR22 GR21 GR20 
10C BLT Pitch GR27 GR26 GR25 GR24 
110 BLT Destination Address GR2B GR2A GR29 GR28 
114 BLT Source Address GR2F GR2E GR2D GR2C 
118 BLT Mode/ROP/Extended Mode GR33 GR32 n/a GR30 
11C BLT Transparency Color n/a n/a GR35 GR34 
120 Stream Engine Fill Value GR3B GR3A GR39 GR38 
124 Reserved n/a n/a n/a n/a 
128 BLT Destination X-Y GR43 GR42 GR41 GR40 
12C BLT Source X-Y GR47 GR46 GR45 GR44 
130 BLT Clip Rectangle Start GR4B GR4A GR49 GR48 
134 BLT Clip Rectangle End GR4F GR4E GR4D GR4C 

138-13C | Reserved n/a n/a n/a n/a 
140 BLT Control (read/write) n/a n/a n/a GR31 

141-1FF | Reserved n/a n/a n/a n/a 
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For compatibility with applications written for earlier CL-GD543X/’4X products, the older 
CL-GD5446-style of MMI/O is retained on the CL-GD5480. This is enabled by setting SR17[2] to 
‘1’. This enables MMI/O beginning at B800:0 or the last 256 bytes of the populated linear address 


space. 


NOTE: 
(0x100) must be ‘0’. 


9.2.1.4 PCI Configuration Registers 


The CL-GD5480 supports the standard PCI configuration registers. Table 9-4 lists the PCI config- 
uration registers. These registers are described in detail in Chapter 7, “PCI Configuration Regis- 


This method is not PC97-compliant and should not be used for any new applications. Address 8 
































ters”. 
Table 9-4. PCI Configuration Registers 
on Name Description Access Value 
(hex) 
00 Vendor/Device ID Identification Read only 101300BCh 
Controls device ability to respond 
04 Status/Command to PCI cycles and provides status informa- Read/write 
tion. 
08 Class Code Provides generic function of device. Read only 030000xxh 
0C Latency Timer Specifies required latency timer Read/write 00xx000h 
10 Base Adrs 1 Frame Buffer Base Address Read/write 
14 Base Adrs 2 VGA register/MMIO Base Address Read/write 
18 Base Adrs 3 GPIO Base Address Read/write See CF3, CF2 
1C-2B | Reserved Read only 00000000h 
2C Subsystem/Vendor ID | Subsystem ID See Chapter 7 ROM/P-bus 
30 ROM Base Adrs Expansion ROM Base Address Read/write 32K window 
34-3B | Reserved Read only 00000000h 
3C Interrupt Indicates which, if any, interrupt is Riead/write See CF4 











assigned. 














November 1996 


9-6 Copyright 1996 — Cirrus Logic Inc. 





CL-GD5480 Technical Reference Manual PROGRAMMING NOTES 


9.2.2 Frame Buffer 


9.2.2.1 Compatibility 


The CL-GD5480 supports standard VGA addressing of the first 32K or 64K of the frame buffer at 
OO00A000h or OOOB8000h, according to the programming of GR6[3:2]. This is for standard VGA 
modes. 


9.2.2.2 CL-GD543X/’4X Compatibility 


The first Mbyte of the frame buffer can be accessed through a single 64K window or two 32K win- 
dows at 000A000h. This is provided for backward compatibility with CL-GD542X and 
CL-GD543X/’4X controllers. Readers interested in this topic should consult the respective techni- 
cal reference manual. All new software should be written to take advantage of linear addressing, 
described in the following section. 


9.2.2.3 Linear Addressing 


If SR7[7:4] is set to any value other than ‘0’, the entire frame buffer is accessible as a linear string 
of bytes beginning at the address specified in PCI10. This addressing method should be used for 
any new software that uses any extended display modes. 


PCI10 claims a 32-Mbyte segment, divided into two 16-Mbyte address ranges. The first 16-Mbyte 
range is divided into three byte-swapping apertures of 4 Mbytes each, plus a video aperture. Each 
aperture can access all 4 Mbytes of frame buffer. According to the aperture used, the bytes within 
a word or dword are swapped as shown in Table 9-5. 


The second 16-Mbyte address range (beginning at PCI10 + 16 Mbytes) is used for system-to- 
screen BitBLTs. If GR31[6] is ‘1’, the data for system-to-screen BitBLT is transferred using one of 
the three byte-swapping apertures in the second 16 Mbytes. Byte swapping occurs (or not) based 
on the aperture selected. The fourth aperture of the second 16 Mbytes is reserved. 


Table 9-5. Byte Swapping for Bi-Endian Support 
























































Aperture Swap Diagram 
0 None 
PROCESSOR BUS 0 1 2 3 
FRAME BUFFER ) 1 2 3 
1 Word 
PROCESSOR BUS 0 1 2 3 
FRAME BUFFER 0 1 2 3 
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Table 9-5. Byte Swapping for Bi-Endian Support (cont.) 















































Aperture Swap Diagram 
2 Dword 
PROCESSOR BUS 0 1 2 3 
FRAME BUFFER 0 1 2 3 
3 Video aperture | See Section 9.2.3. 




















9.2.2.4 Video Aperture: YUV 4:2:0 Assist 


9.2.3 


9.2.4 


The fourth 4-Mbyte aperture stores the chrominance (UV) matrix of YUV 4:2:0 data. YUV 4:2:0 
assist is enabled by programming CR63(0] to ‘1’. The aperture is divided into two address ranges 
as shown in Table 9-6. When data is written to this aperture, the address is multiplied by two and 
data is written to alternate bytes. 


Table 9-6. YUV 4:2:0 Assist 





HOOTESS Offset from PCI10 Bytes Written Data 
Range 

0-2 Mbytes 12 Mbytes Even bytes U 

2-4 Mbytes 14 Mbytes Odd bytes V 























To store YUV 4:2:0 data in the frame buffer through the PCI bus, the application should do the fol- 
lowing: 

e Enable YUV assist by programming CR63[0] to ‘1’. 

e Store the Y data into the frame buffer using the first aperture. 

e Store the U data into the frame buffer using the first 2 Mbytes of the fourth aperture (12-Mbyte offset). 
e Store the V data into the frame buffer using the last 2 Mbytes of the fourth aperture (14-Mbyte offset). 


BIOS ROM 


Access to the BIOS ROM is controlled using PCI30. When PCI30[0] is ‘1’, the BIOS ROM is read- 
able at the address specified in PCI30. Typically, the BIOS is read from the ROM at POST time, 
and then PCI30[0] is set to ‘0’. The BIOS ROM is always 32 Kbytes. 


General-Purpose I/O 


When the CL-GD5480 is installed on a PCI adapter card, it is often useful to be able to support 
an additional device (such as a TV decoder) while still meeting the PCI single-load specification. 
The CL-GD5480 can be configured for an 8-bit I/O port to provide address decoding and data buff- 
ering. 
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9.2.5 


9.3 


9.4 


The address space used by GPIO is claimed in PCI18. This can be in either the I/O or memory 
space. If GPIO is specified in |/O space, programming PCI04{[0] to ‘0’ disables it independently of 
the configuration. General-purpose I/O further discussed in Appendix B11. 


HDR (Hidden DAC Register) 


The HDR is accessed by reading the Pixel Mask register (3C6) four times in succession. The next 
write or read at 3C6h accesses the HDR. 





mov dx, 3c6h ;point to pixel mask register 
in al, dx 

in al,dx 

in al, dx 

in al, dx 

mov al,c6h ;power down DAC 

out dx,al ;write to HDR 


PC97 Compliance 


The PC97 Design Guide requires support for multiple display adapters in a system. The 
CL-GD5480 has changes to the PCI Configuration registers to support this requirement. The fol- 
lowing describes how to take advantage of these changes. 


Always access the BitBLT memory-mapped registers through PCI14. Do not use 
CL-GD5446-compatible MMI/O (that is, do not program SR17[2] to ‘1’). This satisfies PC97 item 
number 42, “Memory-mapped locations, independent of linear frame buffer address,” and item 
number 44, “Frame buffer alone in its Base Address register for PCI graphics devices.” 


System-to-screen BitBLTs must always use the upper-four memory apertures (at PCI10 + 16 
Mbytes). Program GR31[6] to ‘1’ to enable this function. This satisfies PC97 item number 15, 
“Direct frame buffer access.” 


All register accesses must be done using PCl14. Accesses to Ox3CXh and Ox3DXh are not 
allowed under PC97. To prevent the CL-GD5480 from responding to I/O accesses intended for 
other devices, program PC104[0] to ‘0’. 


Pixel Addressing and Formats 


The frame buffer contains a description of each dot (pixel) on the screen. For nearly all extended 
modes, the pixel organization is said to be packed-pixel. Packed-pixel means that each pixel occu- 
pies contiguous bytes in memory and that contiguous pixels occupy contiguous bytes in memory. 
16-color modes use a planar organization. 


Figure 9-1 on page 9-10 illustrates the relationship between the contents of the frame buffer and 
pixels on the screen. Pixels with higher addresses are displayed to the right of and beneath pixels 
with lower addresses. Pixels that are horizontally adjacent on the screen are adjacent in the frame 
buffer. Pixels that are vertically adjacent on the screen are separated in the frame buffer by a dis- 
tance called the pitch, offset, or stride. All three terms are interchangeable. 


The pitch can be determined with the appropriate VESA function. Typically, but not always, this is 
equal to the pixel size times the number of pixels per scanline (the right-most pixel on scanline n 
is typically adjacent to the left-most pixel on scanline n + 1). Finally, the upper-left pixel (the first 
pixel) on the screen is typically, but not always, at the beginning of the frame buffer. 
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HIGHER PITCH 
ADDRESSES 










































































FRAME BUFFER SCREEN 


Figure 9-1. Pixel Organization 


Use Equation 9-1 to compute the address of (the first byte of) any pixel, given the (zero-based) X 
and Y position, the pixel size, the pitch, and screen starting address. 


PhysicalAddress = (X ® PixelSize) + (Y @ Pitch) + ScreenStartAddress+PCI\10 Equation 9-1 


The first element accounts for the displacement of the pixel within the containing scanline. 
PixelSize is bytes per pixel. The second element accounts for the vertical distance from the begin- 
ning of the screen to the beginning of the containing scanline. Pitch is also called the scanline off- 
set or stride. The third element accounts for the possibility that the upper-left pixel is not at the 
beginning of the frame buffer. The fourth element is the beginning of the frame buffer in the host 
address space. For a given application, the last element and usually the next to last element are 
constants. Note that the X-Y positioning capability of the BitBLT engine often makes it unneces- 
sary for the application to calculate actual byte addresses. 


9.4.1 Pixel Formats 


The CL-GD5480 supports a number of pixel formats. These formats are discussed in the following 
sections. Table 9-7 indicates how the BIOS programs a few key CL-GD5480 registers for each 
pixel format (reference only). Applications should use the BIOS to set any graphics mode. 


Table 9-7. Pixel Formats 





















Pixel Format Section | HDR | SR7[3:0] 

VGA compatibility (LUT) 9.4.1.1 00h 0001b 010b Graphics only 

VGA compatibility (+135 MHz) 9.4.1.2 00h 0111b Clock doubling 
8-bpp AccuPak 9.4.1.3 - - Video windows only 
5:5:5 mode with 32K colors 9.4.1.4 COh 0111b 

5:5:5 with 32K colors (> 135 MHz) 9.4.1.4 Coh 1001b Clock doubling 
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Table 9-7. Pixel Formats (cont) 

















Pixel Format Section | HDR | SR7[3:0] Note 

5:6:5 mode with 64K colors 9.4.1.5 Cth 0111b 

5:6:5 with 64K colors (> 135 MHz) 9.4.1.6 Cth 1001b Clock doubling 
16-bpp YUV 4:2:2 mode 9.4.1.7 = = Video windows only 
YUV 4:2:0 9.4.1.8 = i Window 1 only 
8:8:8 mode with 16.8M colors 9.4.1.9 C5h 0101b = Graphics only 
8:8:8:8 mode with 16.8M colors and alpha | 9.4.1.10 C5h 1001b - Graphics only 























9.4.1.1 VGA Compatibility (8-bpp Palettized) 


This mode supports the industry-standard 8-bit 256 color palette mode. This is also referred to as 
LUT mode or palettized mode. Each pixel occupies one byte in display memory. The value is an 
address into the color palette. The three 6-bit color values (one each for Red, Green, and Blue) 
from the corresponding location in the color palette are passed to the three DACs. Gamma cor- 
rection is disabled when 8-bit color palette mode is selected. 


Figure 9-2. 8-bpp Palettized 


9.4.1.2 VGA Compatibility with Clock Doubling 


When the pixel rate is above approximately 185 MHz, VCLK clock doubling must be used. This 
involves programming the VCLK synthesizer to one-half the required pixel rate and transferring 
pixels to the LUT two at a time, using an internal 16-bit data path. The LUT-DAC module generates 
a local clock at twice the programmed frequency, unpacks the pixel pairs, and performs the look- 
up and digital-to-analog conversion at the local 2x clock. Clock doubling is enabled by program- 
ming GR18[5] to ‘1’ (the BIOS automatically programs this, if necessary). An example of a 
CL-GD5480 display mode using clock doubling is 1280 x 1024, 256 colors at 85 Hz refresh. The 
VCLK is programmed to 78.75 MHz, which the DAC module doubles to 157.5 MHz. 


9.4.1.3 8-bpp AccuPak™ (YUV 4:1:1) 


Each group of four adjacent pixels (packet) occupies four adjacent bytes in display memory. The 
packet format is shown in Figure 9-3 on page 9-12. The Y (luminance) of each pixel is separately 
specified by 5 bits; the U and V (chrominance) values are specified by 6 bits each. Four pixels 
share a common chrominance. For display, each packet is converted to four pixels of RGB values. 
This involves interpolation and color space conversion. This pixel format is largely replaced by 
YUV 4:2:0. 
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31 27 26 22 21 17 16 12 11 6 5 0 


Y3 Y2 Y1 Yo Uo vo 


Figure 9-3. 8-bpp AccuPak™ 


9.4.1.4 5:5:5 Mode with 32K Colors 


This format supports the 5:5:5 RGB mode with 32,768 colors. Each pixel is represented by 15 bits 
containing five bits each of Red, Green, and Blue color information. 


Bit 15 of each pixel can be used as the color key, effectively allowing occlusion on a pixel basis 
rather than color basis. To use this, program CR1D/[4:3] to ‘11’. If bit 15 of the pixel matches 
GRD[7], a color key comparison is true. 


If SR12[6] is ‘1’, gamma correction is enabled. Each of the three color values is used to choose 
an eight-bit value from the CLUT. This value is forwarded to the respective DAC for conversion to 
analog. 


Each pixel occupies two contiguous bytes on a 2-byte boundary. When pixels are written into dis- 
play memory using 16- or 32-bit write operations, they can be treated just as shown in Figure 9-4. 
If partial pixels are being stored one byte at a time in a little-endian machine (such as an 80486), 
the byte containing the Blue bits is stored at the first address and the byte containing the Red bits 
is stored at the next higher address. 


15 14 13 12 11109 8 7 6 5 4 3 2 1 #0 


cc RED GREEN BLUE 


Figure 9-4. 5:5:5 Mode with 32K Colors 


9.4.1.5 5:6:5 Mode with 64K Colors. 


This format supports the standard 5:6:5 RGB mode with 65,536 colors. Each pixel is represented 
by 16 bits containing 5 bits of Red, 6 bits of Green, and 5 bits of Blue color information. 


If SR12[6] is ‘1’, gamma correction is enabled. Each of the three color values is used to choose 
an eight-bit value from the CLUT. These values are forwarded to the respective DACs for conver- 
sion to analog. 


Each pixel occupies two contiguous bytes on a 2-byte boundary. When pixels are written into dis- 
play memory using 16- or 32-bit write operations, they can be treated as shown in Figure 9-5. If 
partial pixels are being stored one byte at a time in a little-endian machine (such as an 80486), 
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the byte containing the blue bits is stored at the first address and the byte containing the red bits 
is stored at the next higher address. 


15 14 13 12 11109 8 7 6 5 4 3 2 1 0 


RED GREEN BLUE 


Figure 9-5. XGA™ 5:6:5 Mode with 64K Colors 


9.4.1.6 RGB-15, -16 with Clock Doubling 


Clock doubling is used for 15- or 16-bpp display modes where the pixel rate is above approxi- 
mately 135 MHz. SR7 is configured for 32-bit data through the pipeline and the HDR is pro- 
grammed for either 5:5:5 or 5:6:5 RGB. GR18[5] is ‘1’ to enable clock doubling. The VCLK 
synthesizer is programmed to one-half the actual pixel rate. This clock is doubled at the DAC mod- 
ule to produce the pixel clock. 


The 16-bit pixels are moved through the pipeline in parallel (two pixels). The 32-bit pipeline words 
are disassembled into two 16-bit pixels at the DAC. The pixels are sent to the DACs and converted 
to analog at the local 2x clock rate. 


9.4.1.7 16-bpp YUV 4:2:2 Mode 


YUV is defined in the CCIR (International Radio Consultive Committee) recommendation 
CCIR601. The CL-GD5480 supports the YUV 4:2:2 format. Each two-pixel unit is stored as one 
dword containing luminance for each of the two pixels, and chrominance for alternate pixels. When 
YUV is displayed, the missing chrominance values are generated by interpolation. 


YUV video can only be displayed in the video windows. 


31 24 23 16 15 8 7 0 


| Y1[7:0] | VO[7:0] | YO[7:0] | U0[7:0] | 


Figure 9-6. 16-bpp YUV 4:2:2 Mode 


9.4.1.8 YUV 4:2:0 


YUV 4:2:0 data can be displayed only in Video Window 1 only when the Video Window 2 is not 
enabled. The data are stored in two matrixes; one for luminance data and one for chrominance 
data. 
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Figure 9-7 shows the luminance matrix. There is an 8-bit luminance value for each pixel. The val- 
ues are stored in adjacent bytes. 


31 24 23 16 15 8 7 0 


| Y3[7:0] | Y2[7:0] | Y1[7:0] | Y07:0] | 


Figure 9-7. YUV 4:2:0 Luminance Matrix 


Figure 9-8 shows the chrominance matrix. There are two 8-bit chrominance values for every four 
pixels. The values are stored in adjacent bytes. The same register indexes used to address the 
chrominance matrix address the luminance matrix. Table 9-21 on page 9-36 shows, for each of 
the registers that can address the chrominance matrix, the bit or bits that control the indexes. 


31 24 23 16 15 8 7 0 


| V2[7:0] | U2[7:0] | VO[7:0] | UO[7:0] | 


Figure 9-8. YUV 4:2:0 Chrominance Matrix 


When YUV 4:2:0 video is displayed, each pair of chrominance values is used for four pixels. These 
four pixels are in a 2 x 2 square, so that each pair of chrominance values is used for two pixels on 
each of two adjacent scanlines. 


9.4.1.9 8:8:8 Mode with 16.8 Million Colors 


This format supports the industry-standard 8:8:8 RGB mode with 16,777,216 colors. Each pixel 
occupies three adjacent bytes, one each of Red, Green, and Blue color information. The Blue 
value is stored in the lowest-addressed byte, the Green value is stored in the next higher- 
addressed byte, and the Red value is stored in the next higher-addressed byte. 


If SR12[6] is ‘1’, gamma correction is enabled. Each of the three color values selects an 8-bit value 
from the CLUT. These values are forwarded to the respective DACs for conversion to analog. 


23 16 15 8 7 0 


RED GREEN BLUE 
Figure 9-9. 8:8:8 Mode with 16.8 Million Colors 
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9.4.1.10 8:8:8:8 Mode with 16.8 Million Colors and Alpha 


9.5 


9.5.1 


This mode is distinguished from the 24-bpp mode (see Section 9.4.1.9) by the value programmed 
into SR7[3:1]. If this field is programmed to ‘100’, 32-bpp mode is selected. The Alpha byte is out- 
put on P[7:0], but has no internal use. 


The Cirrus Logic BIOS always sets a 24-bpp mode, rather than a 32-bpp mode. This reduces the 
frame buffer bandwidth required to refresh the display, increasing performance.|If a 32-bpp mode 
must be programmed, the corresponding 24-bpp mode can be selected with an INT10 call, then 
modified by changing register SR7 and the offset. 


If GR18[5] is ‘1’, gamma correction is enabled. Each of the three color values select an 8-bit value 
from the CLUT. These values are forwarded to the respective DACs for conversion to analog. 


31 24 23 16 15 8 7 0 


ALPHA RED GREEN BLUE 
Figure 9-10. 8:8:8:8 Mode with 16.8 Million Colors and Alpha 


BitBLT Engine 


The CL-GD5480 incorporates a 64-bit BitBLT engine capable of color expansion, pattern fills, two- 
operand ROPs, transparency, clipping, X-Y position specification, and autonomous execution of 
a command list. The programming of this engine is discussed in the following sections. 


Definitions 


This section establishes a common vocabulary for discussing the BitBLT engine. Figure 9-11 on 
page 9-16 illustrates these definitions, as well as the example in Section 9.5.2 on page 9-18. In 
Figure 9-11 the displayable area (the screen) begins at the beginning of the frame buffer. 
Figure 9-11 shows a BitBLT where the source is on-screen and the destination is off-screen. The 
destination pitch is set equal to the width so that the destination is as compact as possible. 
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SOURCE 







PITCH 














I Y 
HEIGHT 
ON SCREEN 
FRAME OFF SCREEN 
BUFFER DESTINATION 








Figure 9-11. BitBLT Example 


Source: The source for a BitBLT is the area the data is copied from. The source can be in the 
frame buffer or system memory. The source data can be a monochrome image that is expanded 
into color or it can be a full-color image. The source data can be a single 8 x 8 pixel pattern (in 
Windows, this is called a brush) replicated to fill a larger area. The source area is never written by 
the BitBLT engine, except in the special case where it overlaps the destination area in the frame 
buffer. The beginning of the source area, if it is in the frame buffer, is specified in the register triplet 
GR2C-GR2E. If X-Y positioning is enabled, an X-Y offset is specified in GR44—GR47. 


Destination: The destination for a BitBLT is the area where the data are written. The destination 
area must always be in the frame buffer. The beginning of the destination is specified in register 
triplet GR28—GR2A. If X-Y positioning is enabled, an X-Y offset is specified in GR40—GR43. 


Width: The width for a BitBLT is the number of bytes (pixels if X-Y positioning is enabled) of des- 
tination that are processed before adding the pitch values to the address values. If the destination 
is actually or potentially on the screen (that is, if it is a rasterized area that might be displayed on 
the screen), the width is the number of bytes (or pixels) to be written into each scanline. If the 
source is a rasterized area, the width is the number of bytes (or pixels) per scanline of source. This 
is shown in the example using Figure 9-11. 


If neither the source or the destination is a rasterized area, the width is the number of bytes (or 
pixels) of destination processed before the pitch values are added to the address values, and has 
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no other special meaning. Width is specified in register pair GR20—GR21. The number actually 
written into this register pair is one less than the actual desired width in bytes (or pixels). 


Height: The height for a BitBLT is the number of times the pitch values are added to the address 
values. If the destination or source is actually or potentially on the screen, the height is the number 
of scanlines in that area. If not, height is the number of times the pitch values are added to the 
address values, and has no other special meaning. Height is specified in register pair 
GR22-—GR23. The number actually written into this register pair is one less than the actual desired 
height in scanlines. 


Pitch: The destination and source pitch values are added to the respective addresses after each 
width bytes of destination are processed. The two pitches are specified separately. When an area 
is a rasterized image, the pitch is programmed to the distance between vertically adjacent pixels, 
usually the same as the display pitch (see Section 9.4 on page 9-9). The source pitch is equal to 
the display pitch in Figure 9-11 on page 9-16. Unless entire scanlines are being moved, the pitch 
is always greater than the width. 


When an image is in off-screen memory, it is often stored occupying a contiguous area (that is, so 
that the last pixel of scanline nis adjacent to the first pixel of scanline n + 1). This minimizes frag- 
mentation. In this case, the pitch is set equal to the width (+1). In Figure 9-11, the destination pitch 
is set equal to the width (+1). 


When the source for a BitBLT is the system bus, the source pitch is a don’t care. When the BitBLT 
uses color expansion or pattern copy, the source is just a string of bytes, and the source pitch is 
a don’t care. The destination pitch is specified in register pair GR24—GR25. The source pitch is 
specified in register pair GR26—GR27. 


X-Y Positioning: The beginning source and destination addresses can be specified in terms of 
pixel and scanline locations rather than absolute byte addresses. This function is enabled by pro- 
gramming GR33[6] to ‘1’. When this function is enabled, the width is specified in terms of pixels 
rather than bytes. 


Clip Rectangle: Registers GR48—GR4F can be programmed to specify the upper-left and lower- 
corners of the clip rectangle, in terms of pixels and scanlines. Destination writes do not take place 
outside this rectangle. The clip rectangle is enabled by programming GR33[5] to ‘1’. X-Y position- 
ing must be enabled to use the clip rectangle. 


Copyright 1996 — Cirrus Logic Inc. 9-17 November 1996 


PROGRAMMING NOTES CL-GD5480 Technical Reference Manual 


Command List: The command list is a list of partial BitBLT parameter sets stored in the frame 
buffer. Once a list transfers to the frame buffer, multiple BitBLTs can be executed with no host inter- 
vention. The command list is enabled by programming GR33[7] to ‘1’ in the setup for the first 
BitBLT. An interrupt can be generated when the list is complete. 


9.5.2 Basic Example: Screen-to-Screen 


Table 9-8 shows how the BitBLT registers are set up for a basic operation. This copies a 64 pixel 
by 64 scanline area from an on-screen area to an area off the screen. It is assumed that the 
CL-GD5480 is programmed for Extended mode 74h (1024 x 768 at 64K colors). Figure 9-11 on 
page 9-16 illustrates this operation. 


Table 9-8. Basic BitBLT Example 
Register(s) Value (hex) | Field 


GRO, GR10, GR12, GR14 Don’t care Background Color No color expansion 















































GR1, GR11, GR13, GR15 Don’t care Foreground Color No color expansion 
GR20-GR21 7Fh Width (64 x 2) -1 bytes 
GR22-GR23 3Fh Height 64 — 1 scanlines 
GR24-GR25 80h Destination Pitch es eee 
GR26-—GR27 800h Source Pitch 1024 x 2 

GR28-—GR2A 200000h Destination Address Beginning of third Mbyte 
GR2C, GR2D, GR2E 5096h Source Address Scanline 10, pixel 75 
GR2F Don’t care Write Mask No color expansion 
GR30 00h Mode Plain BitBLT 

GR32 ODh ROP SRCCOPY 

GR33 0 Extended Mode Plain BitBLT 

GR31 2 Start/Status Start the operation 








9.5.3. Controls 
9.5.3.1 Elementary Operations 


Register GR31 contains bits to start a BitBLT, to determine the current status of the BitBLT engine, 
and to reset the BitBLT engine. Register GR31 also contains the advanced controls described in 
Section 9.5.4 and Section 9.5.7. 


GR31[1] starts a BitBLT operation. When this bit is set to ‘1’, the BitBLT engine starts up with the 
next available memory cycle. When the operation is complete, the engine sets this bit to ‘0’. This 
provides the easiest method of synchronizing the host to the BitBLT engine; the application must 
wait until this bit is ‘0’. It then programs all the BitBLT control registers for the next operation and 
again sets the bit to ‘1’. When this bit is again ‘0’, the operation is complete and the next operation 
can be programmed. 
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GR31[0] can be read to determine when the BitBLT engine is idle. If buffered BitBLTs are not being 
programmed, this bit is a read-only copy of GR31[1]. If buffered BitBLTs are being programmed, 
this bit indicates when all buffered BitBLTs are complete and the engine is idle. 


GR31[2] can be programmed to ‘1’ to reset the BitBLT engine. GR31[1] and GR31[0] are cleared 
and the operation stops after the next write cycle. This can result in a partial BitBLT being com- 
pleted, but will not corrupt the frame buffer. 


9.5.3.2 AutoStart and Buffered Registers 


The method of controlling the BitBLT engine described in Section 9.5 is straight forward, but does 
not provide maximum parallelism between the host and the engine. Buffered registers and the 
AutoStart capability allows the host and the BitBLT engine to function in parallel, keeping the Bit- 
BLT engine busy to the maximum possible extent. Also see Section 9.5.3.10 for information on 
command list programming. 


When GR31[7] is ‘1’, the AutoStart function is enabled. While BitBLT operation n is being exe- 
cuted, the parameters for operation n + 1 can be loaded into a set of buffered registers. Then oper- 
ation n+ 1 begins as soon as operation n completes. When GR31[7] is ‘0’, the AutoStart function 
is disabled. 


When AutoStart is enabled, GR31[4] indicates when the buffered registers are available. The host 
uses this bit to synchronize the loading of registers. Whenever GR31[4] is ‘0’, the parameter set 
for the next BitBLT can be loaded (into the buffered registers). The parameter set is taken to be 
loaded when a write to GR2A (GR43 if X-Y positioning is enabled) occurs. This is illustrated in 
Figure 9-12. Most of the time, the host is one parameter set ahead of the engine. 


As soon as the engine starts BitBLT n (the very first BitBLT), GR31[4] is cleared and the host loads 
the parameters for BitBLT n+ 1. This happens almost immediately. For subsequent operations, 
the host must usually wait until the engine completes the previous operation. 





PARIWe (IDLE) BITBLT n BITBLT n+1 BITBLT n+2 BITBLTn+3 


GR31[4] 


GR2A(GR43) 
WRITTEN 


n n+1 n+2 n+3 n+4 


Figure 9-12. AutoStart Time Line 
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9.5.3.3 Using PCI Retry to Avoid Polling 


The host can avoid status polling (reading GR31[4]) by using the PCI retry capability. An attempt 
to write the BitBLT registers when GR31[4] is ‘1’ results in the CL-GD5480 executing a PCI 
Disconnect C (retry). This forces STOP# active without TRDY#. This is an indication to the host 
that the data was not transferred and that it must attempt the transfer again. To use this method, 
the host must use MMI/O with AutoStart enabled, first write to a memory-mapped offset lower than 
10h, then write the Destination address (offset 10h). These restrictions do not apply if the appli- 
cation uses status polling. 


9.5.3.4 BitBLT Complete Interrupt 


If GR30[1] is ‘1’, a BitBLT complete interrupt is requested at the end of the current BitBLT or com- 
mand list. CR62[4] is set at the end of the BitBLT or command list. If the INTA# pin is enabled, an 
interrupt request on the PCI bus is generated. Once CR62[4] is set, it must be cleared by a write 
of ‘1’. 


9.5.3.5 Host Access to Display Memory During BitBLTs 


It is sometimes necessary to allow the CPU to access the frame buffer independently of the 
BitBLT. This occurs for example, during luminance-only captures, or when the cursor needs to be 
changed in response to a mouse interrupt, or for Bus Master writes (Such as MPEG data). 


9.5.3.6 Memory Read During BitBLT 


The CL-GD5480 responds to a memory read by temporarily preempting any BitBLT in progress 
(either system-to-screen or screen-to-screen BitBLTs). Once the data transfers to the host, the Bit- 
BLT resumes. The CL-GD5480 manages this invisibly; the application does not have to do any- 
thing. 


9.5.3.7 Memory Write During Screen-to-Screen BitBLTs 


The CL-GD5480 responds to a memory write while executing a screen-to-screen BitBLT by stor- 
ing the address and data into the system write buffer. When the write buffer is at least half full, it 
preempts the BitBLT to execute writes to the frame buffer. The CL-GD5480 manages this invisibly; 
the application does not have to do anything. 


9.5.3.8 Memory Write During System-to-Screen BitBLTs 
Second 16-Mbyte Window 


If system-to-screen BitBLTs are to be mixed with normal memory writes, the CL-GD5480 must be 
able to distinguish between BitBLT data and other data. The host can enable a second set of 
address apertures by programming GR31[6] to ‘1’. When these apertures are enabled, writes to 
the first three 4-Mbyte apertures at the address specified in register PCI10 are considered normal 
memory writes. Writes to the apertures in the second 16-Mbyte range are considered writes to the 
BitBLT engine. This method allows autonomous processes (Such as an MPEG decoder and a GUI 
driver) to share the host interface without being aware of each other. 


The second set of apertures can be used for any system-to-screen BitBLTs. Byte swapping occurs 
(or not) according to which of the three apertures is used. The fourth aperture is reserved. If a 
write to the second set of apertures is programmed when there is no system-to-screen BitBLT 
requiring data, the CL-GD5480 completes the PCI bus cycle in the minimum time and the data is 
discarded. 
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CL-GD5446-Compatibility 


The other method of sharing the frame buffer for writes requires that the processes know about 
each other. This method is made obsolete by the second 16-Mbyte address range and is included 
here for completeness only. To temporarily interrupt any system-to-screen BitBLT and write 
directly to the frame buffer, the host can execute the following sequence: 


1) Write to MMI/O location 3Fh; the data is don’t care. This has the effect of waiting for any pending BitBLT 
to become active. 


2) Program GR31[5] to ‘1’. When this bit is set, the BitBLT engine ignores memory writes. The actual 
address on the bus determines where the data is to be written. When programming this write, do not 
program GR31[1] to ‘1’. 

3) Program GR31[5] ‘0’ when writes to the frame buffer are complete. The BitBLT engine again accepts 
data written to the frame buffer. When programming this write, do not program GR31[1] to ‘1’. 


9.5.3.9 Memory-Mapped I/O 


The BitBLT registers are accessible for writes in memory space, as well as I/O space, allowing 
dword access and burst transfers. All new applications should be written to take advantage of 
MMI/O and in particular, should use register PCI14 as the base address. 


The MMI/O address range begins at the location claimed in register PCl14 plus 256 (decimal). 
Table 9-3 on page 9-5 lists the registers accessible with MMI/O and their offsets. 


For compatibility with legacy applications written for earlier products, CL-GD5446—compatible 
memory I/O is retained. This is enabled by programming SR17[1] to ‘1’. Enabling 
CL-GD5446—compatible MMI/O has no effect on register PCI14 (it is still active). The base 
address for CL-GD5446-—compatible MMI/O is B800:0 or the end of the populated linear address, 
depending on the state of SR17[6]. 


9.5.3.10 Command List 


If GR33[7] is ‘1’, the CL-GD5480 executes a single BitBLT using the parameters in the registers, 
then continues by fetching and executing partial parameter sets of four dwords each from the 
frame buffer. The engine executes one BitBLT for each parameter set it fetches from the frame 
buffer (plus the initial BitBLT that started the chain). The list is terminated when the engine has 
executed a parameter set with the ‘last’ (dword0[31]) bit set. The command list function requires 
that X-Y positioning be enabled. See Section 9.5.5. 


The command list does not include constructs such as loops, subroutines, or branches. It is a lin- 
ear string of partial parameter sets that are executed in sequence. 


The command list is intended for series of small BitBLTs where some parameters are the same 
(for example, color-expand color) and some parameters are unique for each BitBLT. This includes 
text strings where the font is cached off-screen (each glyph is one BitBLT) and polygon fills (as 
described in Section 9.5.12). 


The parameters that can be different from the first BitBLT are the BitBLT height and width, the des- 
tination X-Y position, and the source start. In addition, the BitBLT pitches orthe BitBLT mode/ROP 
(but not both) can be different. 


The command list is in the top 256 Kbytes of installed SGRAM. The address of the beginning of 
the list is formed as shown in Table 9-9 on page 9-22. The least-significant 8 address bits of the 
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beginning of the command are zeroes; each list always starts on a 256-byte boundary. The list is 
made up of sequential parameter sets of four dwords each. 


Table 9-9. Command List Beginning Address in Frame Buffer 














Address Bits Sources 
(Correspond to Linear Address) 
21:18 4111’ 
17:10 GR2B 
9:8 GR2A\7:6] 
7:0 ‘0’ 














Table 9-10 through Table 9-12 show the format of a BitBLT command list entry (parameter set). 
Each entry takes exactly 16 bytes and starts on a 16-byte boundary (some bytes are not used). 
Each dword in the command contains parameters for up to four registers that are contiguous in 
address space. The format of each dword (except the first) of the command list entry is identical 
to the corresponding dword that would be transferred using MMI/O. 


Table 9-10. BitBLT Command List Format 

















0 Command/BLT Height (GR22—GR23) BLT Width (GR20-GR21) 

1 BLT Destination Y-position GR42-—GR43) BLT Destination X-position (GR40—GR41) 
2 Reserved BLT Source Start (GR2C—GR2E) 

3 See Table 9-12 on page 9-23 

















The first dword contains four command bits in bits 31:28 (these correspond to unused bits in reg- 
ister GR23). 


Table 9-11. BitBLT Command List Format: Command Nibble 


Function Last Command Do not load dword 3 Format 
source address 











If bit 31 is ‘1’, the current command is the last command in the chain. If bit 31 is ‘0’, another com- 
mand is taken from the current address plus 16 bytes when the current command completes. If 
bit 30 is ‘1’, the BitBLT source start address (Command dword 2) is identical to the current value 
and does not need to be loaded. This saves a memory cycle. Bits 29:28 specify the contents of 
Command dword 3 as summarized in Table 9-12. 


Unused bits and bytes in the command list must be written as ‘0’ to guarantee upward compatibil- 
ity. 
NOTE: Do not use currently reserved bits and bytes for programming flags or pointers. 
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9.5.4 


Table 9-12. BitBLT Command List Format: dword 3 











Command [29:28] 31:24 7:0 
00 BLT Source Pitch (GR26-—GR27) BitBLT Destination Pitch 
(GR2--GR25) 
01 Mode Extensions BLT ROP (unused) BLT Mode 
(GR33)@ (GR32) (GR30) 
10 (Reserved) 
11 (Reserved) 

















a GR33[7] must be ‘1’. 


Data Source 


The source data for a BitBLT can be the frame buffer or the system bus. These two cases are 
called screen-to-screen and system-to-screen BitBLTs, respectively. When the source is the sys- 
tem bus, monochrome data can be expanded to color or the color data itself can be transferred 
across the bus. When pattern copy is being used, the source cannot be the system bus. 


If GR30[2] is ‘1’, the source is the system bus. The host must transfer the data (monochrome or 
color) to the CL-GD5480. The BitBLT engine on the CL-GD5480 does not use the bus master 
logic. 


System-to-Screen BitBLTs 


The host must always transfer information for a system-to-screen BitBLT using dwords. For a sys- 
tem-to-screen BitBLT without color expansion, the CL-GD5480 discards information to the end of 
a dword at the end of each scanline (that is, each width of bytes). The amount of data discarded 
can be 0-3 bytes, depending on the width value. 


For a system-to-screen BitBLT with color expansion, GR33[0] defines how the data are discarded 
at the end of each scanline. If GR33[0] is ‘0’, byte granularity is used. When the end of each scan- 
line is reached, the remaining 0-7 bits of the current byte are discarded. Any bytes remaining in 
the current dword are used at the beginning of the next scanline. The source data must be byte- 
packed (that is, scanline n+ 1 must begin with the byte immediately following the end of 
scanline n). 


If GR33[0] is ‘1’, dword granularity is used. When the end of each scanline is reached, the remain- 
ing 0-7 bits of the current byte and the remaining 0-3 bytes of the current dword are discarded. 
The source can be transferred using dwords, without having to be byte-packed. On the other hand, 
bus transfer efficiency suffers if unused bytes are moved. 


To allow unaligned source fields to be transferred without the overhead of unaligned bus cycles, 
program GR2F[6:5] to skip bytes of the source field for system-to-screen BitBLTs. The field selects 
the initial byte of the first dword to be used for each scanline. If this field is programmed to a non- 
zero value for color-expanded system-to-screen BitBLTs, GR33[0] must be programmed to ‘1’. 
When GR2F[6:5] is used, data is not written at the destination start address, but is instead clipped. 
This means the destination start address must be adjusted to point to the /eft of where the data is 
actually to begin. In addition, the width value must be increased to compensate for the source data 
skipped. 
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9.5.5 


9.5.6 





























X-Y Positioning 
The CL-GD5480 allows the application to specify the positions of either or both operands in terms 
of pixels and scanlines, rather than as offsets into the frame buffer. This function is independent 
of pixel size and can be used for any pixel size from one to four bytes. X-Y positioning is enabled 
when GR33[6] is ‘1’. When X-Y positioning is enabled, the width field in GR20-GR21 is interpreted 
in terms of pixels rather than bytes. When X-Y positioning is enabled, the BitBLT AutoStart is trig- 
gered by awrite to the DEST X (GR40—GR41), rather than the DEST address (GR28—GR2A). X-Y 
positioning must be enabled to use the command list processor. 
When switching to X-Y positioning, be sure to set the mode (GR33[6]) before writing the destina- 
tion address (GR28—GR2A). If this precaution is not taken, an Auto-Start is triggered on both the 
write to the destination address and the write to Destination X (GR40-GR41). 
X-Y positioning of the source operand only makes sense when it is a complete operand (see the 
address calculation notes below). If a BitBLT uses pattern copy or color expansion, the source X-Y 
registers is typically set to ‘0’ and the normal source address used. 
The BitBLT engine calculates the address of the first pixel in the source or destination area using 
the source or destination X-Y position, the source or destination pitch, the pixel size, and the 
source or destination start address. This is summarized in Equation 9-2, which is used for both 
source and destination operands. 
Address = (XPosition © PixelSize) + (YPosition © Pitch) + StartAddress Equation 9-2 
Table 9-13 shows the detailed source of the operands for X-Y positioning. 
Table 9-13. X-Y Positioning 
Element Destination Source 
XPosition GR40-GR41 GR44-GR45 
PixelSize GR30[5:4] 
YPosition GR42-GR43 GR46-GR47 
Pitch GR24-GR25 GR26-GR27 
StartAddress GR28-—GR2A GR2C-GR2E 
ROPs (Raster Operations) 


The CL-GD5480 supports all 16 possible operations on two variables. The operation to be per- 
formed is programmed into register GR32. The ROPs are listed in Table 9-14. Note that the value 
actually programmed into register GR32 is independent of whether a source or pattern is to be 
used; this distinction is made in GR30[6]. 


NOTE: Donotuse ROPs that do not use the source (such as DSTINVERT) when color expansion or pat- 
tern copy is enabled. 
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Table 9-14. Raster Operations 









































Source Microsoft® Pattern Microsoft® Register GR32 
Operation Name/ROP Operation Name/ROP (hex) 
4 BLACKNESS BLACKNESS 
00000042 00000042 
NOTSRCERASE = 
DSon 001100A6 000500A9 
DSna 00220326 000A0329 
Ss NOTSRCCOPY z 
00330008 000F0001 
SRCERASE = 
SDna 00440328 00500325 
on DSTINVERT DSTINVERT 
00550009 00550009 
nex SRCINVERT PATINVERT 
00660046 005A0049 
DSan 007700E6 005FO0E9 
SRCAND x 
DSa 008800C6 00A000C9 
Dox 00990066 00A50065 
P 00AA0029 00AA0029 
MERGEPAINT & 
DSno 00BB0226 0OAF0229 
S SRCCOPY PATCOPY 
00CC0020 00F00021 
SPng 00DD0228 00F50225 
SRCPAINT a 
DSo 00EE0086 Pre OOFA0089 6p 
: WHITENESS P WHITENESS ée 
OOFFO062 OOFFO062 
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There are exactly 16 ways that two operands can be logically combined; these are enumerated in 
Table 9-15. This table is provided for readers interested in the underlying logical functions. The first 
four columns show the logical result of the four possible input combinations for each of the 16 
cases. 


Table 9-15. Sixteen Logical Operations 


















































Description Register GR32 
(hex) 
0 0 0 0 Zero 00 
0 0 0 1 NOT Source AND NOT Destination 90 
0 0 1 0 NOT Source AND Destination 50 
0 0 1 1 NOT Source DO 
0 1 0 0 Source AND NOT Destination 09 
0 1 0 1 NOT Destination 0B 
0 1 1 0 Source NOT EQUAL TO Destination (XOR) 59 
0 1 1 1 NOT Source OR NOT Destination DA 
1 0 0 0 Source AND Destination 05 
1 0 0 1 Source EQUAL TO Destination (XNOR) 95 
1 0 1 0 Destination 06 
1 0 1 1 NOT Source OR Destination D6 
1 1 0 0 Source 0D 
1 1 0 1 Source OR NOT Destination AD 
1 1 1 0 Source OR Destination 6D 
1 1 1 1 One OE 




















Color Expansion 


Color expansion is enabled by setting GR30[7] to ‘1’. The source data is not the actual data from 
the source or pattern, but rather is a monochrome image. Each bit of the source is expanded into 
an entire pixel that can have either of two colors. If color expansion with transparency is enabled, 
each bit of source is expanded into a pixel of a single color or the corresponding pixel is not written 
at all. Color expansion cannot be used with ROPs that do not have a source (Whiteness, Black- 
ness, Destination, and Destination Invert). 


The monochrome image can come from display memory or can be transferred from system mem- 
ory. Since each source bit represents an entire destination pixel, substantial performance benefits 
can be obtained especially if the image is being expanded to 16, or more, bits per pixel. 


November 1996 9-26 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual PROGRAMMING NOTES 


9.5.8 


The number of bytes each bit of monochrome data is expanded into is programmed in GR30[5:4]. 
Table 9-16 specifies which register supplies each byte of foreground color for each of the four 
widths. 


Table 9-16. Color Expansion: Foreground (‘1’ in source) 











GR30[5:4] | Width GR1 GR11 GR13 | GR15 
00 8-bits Color ae - 7 
01 16-bits | Low byte | High byte - - 
10 24-bits Blue Green Red — 
11 32-bits Blue Green Red Alpha 





























Table 9-17 specifies which register supplies each byte of background color for each of the three 
widths for which transparency is not mandatory. Note that when 24-bpp color expansion is pro- 
grammed, transparency must be enabled (only one color is written). 


Table 9-17. Color Expansion: Background (‘0’ in source) 











GR30[5:4] | Width GRO GR10 GR12 GR14 
00 8-bits Color - 7 7 
01 16-bits Low byte High byte - - 
10 24-bits 24-bpp color expansion must use transparency 
11 32-bits Blue Green Red Alpha 


























The source data polarity can be reversed by setting GR33[1] to ‘1’. When this is done, ‘1’ in the 
source selects the background color, and ‘0’ in the source selects the foreground color. 


Color expansion without transparency for 24-bpp modes can be simulated with two passes. The 
first pass writes the foreground pixels. The second pass writes the background pixels by having 
GR833[1] set to ‘1’, 


If color expansion is used with transparency (GR30[7] = GR30[3] = 1), background pixels are not 
written. This allows text to be applied onto an arbitrary background. Transparency with color 
expansion can be used for any color depth. Transparency is also supported without color expan- 
sion for 8- and 16-bpp graphics modes. See Section 9.5.9 on page 9-28. 


Pattern Fills 


The CL-GD5480 supports an 8 x 8 pattern fill. When GR30[6] is ‘1’, the source is an array of 8 
pixels by 8 scanlines. The source for pattern fill must be stored in the display memory; system-to- 
screen pattern fills are not permitted. The array is repeatedly copied to the destination area with 
or without color expansion. Within any given scanline of destination, the same 8 pixels of source 
data are repeatedly used. Pattern fill cannot be used with ROPs that do not have a source (White- 
ness, Blackness, Destination, and Destination Invert). The number of bytes in the source pattern 
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is a function of the pixel format, as shown in Table 9-18. The pattern data must be stored beginning 
on a boundary equal to the size of the pattern itself. 


Table 9-18. Source for Pattern Fills 








a rate ee 
Color expansion | 8 bytes of monochrome data for 64 pixels. 8 bytes 
8-bpp 64 bytes of color data for 64 pixels. 64 bytes 
16-bpp 128 bytes of color data for 64 pixels 128 bytes 





24 bytes of color data, plus 8 bytes of padding 


24-bpp for each scanline, repeated 8 times. 


256 bytes 





32-bpp 256 bytes of color/alpha data for 64 pixels. 256 bytes 

















Offsets into the pattern can be programmed as follows: 
The patterns must be stored beginning on a boundary equal to the size of the pattern itself. 


The vertical offset into the pattern is then programmed into the least-significant three bits of the 
source address (register GR2C). 


The horizontal offset must be specified by programming a clip value into GR2F. GR2F[2:0] can be 
programmed to ‘001b’ through ‘11 1b’ to disable the writing of the first n pixels of each destination 
scanline. This field is programmed in terms of pixels for all pixel formats, except Packed-24. For 
Packed-24 modes, this field is expanded to 5 bits (GR2F[4:0]) and programmed in terms of bytes. 


Transparency — With and Without Color Expansion 


The CL-GD5480 supports transparency both for color-expansion and for color source images. 
Transparency is enabled by setting GR30[3] to ‘1’. 


When color expansion is being used, pixels that would otherwise be written with the background 
color are not written. This can be used with any pixel depth and must be used for 24-bpp. 


When color expansion is not being used, transparency can be used for 8- and 16-bpp formats. If 
GR30[3] is ‘1’, the value of each pixel is compared to registers GR34—GR35 before being written. 
If the pixel matches in all 8 or 16 bits, it is not written. This is called source transparency. 


For 8-bpp formats, registers GR34 and GR35 must be identically programmed. For 16-bpp for- 
mats, register GR34 is the low byte and register GR35 is the high byte. Transparency without color 
expansion can only be used with a ROP of source copy. No other ROP can be used. 


9.5.10 BitBLT Direction 


If the source and destination areas overlap in display memory, the application program must 
ensure that the move progresses so that the source area is not overwritten prior to being used. 
Consider Figure 9-13. If the operation began with the upper-left corner of the source and destina- 
tion, the contents of the overlapped area would be overwritten before being used. 


If GR30[0] is ‘1’, the direction that the operation progresses is reversed (that is, the bytes are pro- 
cessed right-to-left and bottom-to-top). In this case (the overlay as shown in Figure 9-13), bytes 
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are prevented from being overwritten before being copied. Note that the start addresses in this 
case are the highest in the areas, not the lowest. BitBLTs using color expansion, pattern fill, sys- 
tem-to-screen, or transparency cannot be programmed for reverse direction. 


When calculating the ending address for multi-byte pixel formats, be sure to add the pixel size so 
as to get to the /ast byte of the last pixel. 


ee 
SOURCE U 
Melis 
BRK XOX] 
KS OVERLAP S524 
“y x<XD SKK 


SKS SESS SENSE SENSE SCNSE SENSE SA 








DESTINATION 


MX &&X XY 


Figure 9-13. Overlapping BitBLT 


Clip Rectangle 


The CL-GD5480 supports an X-Y clip rectangle for screen-to-screen color-expansion BitBLTs. 
The CL-GD5480 also supports horizontal clipping for system-to-screen BitBLTs with color expand 
and screen-to-screen BitBLTs without color expand. The clip rectangle can only be used when X- 
Y positioning is enabled. 


If GR33[5] is ‘1’, writes outside the clip rectangle do not occur. The clip rectangle is specified in 
terms of an upper-left X-Y corner and a lower-right X-Y corner. Both upper-left and lower-right cor- 
ners are inclusive (that is, they are within the clipping rectangle). Each of these positions is spec- 
ified in terms of display pixels and scanlines from the beginning of the frame buffer. 


Table 9-19. Clip Rectangle 


Corner X Y 


Upper-left GR48-GR49 | GR4A-GR4B 

















Lower-right | GR4C-—GR4D | GR4E-GR4F 





For screen-to-screen BitBLTs with color expand (with or without pattern copy), the operation takes 
place from the upper-left to lower-right. Scanlines that are above the clip rectangle are not written. 
For scanlines that fall (partially) within the clip rectangle, the BitBLT engine blocks writes until the 
left side of the clip rectangle is reached and then allow writes until the right side of the clip rectan- 
gle or the BitBLT width is reached. The BitBLT engine terminates the BitBLT when the bottom of 
the clip rectangle or the BitBLT height is reached. 
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For screen-to-screen BitBLTs without color expand and system-to-screen BitBLTs with color 
expand, the clipping support is for horizontal only. The vertical clipping must be set outside the 
destination rectangle. Specifically, the upper-Y position must be set above or at (less than or equal 
to) the destination-Y position. The lower-Y position must be set below or at (greater than or equal 
to) the bottom of the destination rectangle (destination-Y position plus height). 


The upper-Y position must always be less than or equal to the lower-Y position. The left-X position 
must always be less than or equal to the right-X position. 


Clipping can be used where negative addresses into the frame buffer are generated. Consider the 
case where a window is moved so that it extends above or to the left of the screen. A clipping rect- 
angle can be programmed with its upper-left corner at the upper-left corner of the screen and its 
lower-right corner at the lower-right corner of the screen. This allows addresses near 4 Mbytes to 
be generated and used, that wrap around to zero. The clipping rectangle prevents memory near 
the top of the frame buffer from being written. The following pseudo-code fragment example illus- 
trates this. 


if (Destinationx <0 ) 
{ 
NewDestX = 0; 
XAdjust = ABS (OldDestX); 
lippingLeft = ClippingLeft + XAdjust; 





C2 





Q 


lippingRight = ClippingRight + XAdjust; 


else 
{ 
XAdjust = 0; //keep original values for left, right, and dest X 
} 
if (Destinationy < 0) 
{ 
NewDestY = 0; 
YAdjust = ABS (OldDestyY); 











ClippingTop = ClippingTop + YAdjust; 
ClippingBot = ClippingBot + YAdjust; 
} 
else 
{ 
YAdjust = 0; //keep orignial values for top, bottom, and dest Y 
} 
NewDestStartAdrs = DestStart - (XAdjust * PixelSize) - (YAdjust * DestPitch); 
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9.5.12 Miscellaneous BitBLT Topics 


Solid Color Fill 


The CL-GD5480 can be programmed to perform a solid color fill by programming GR33[2] to ‘1’. 
GR830[7] and GR30[6] must both be ‘1’ (enable color expansion and pattern copy). GR30[3] and 
GR30[2] must both be ‘0’ (no transparency or system-to-screen). The contents of the foreground 
register(s) are written to the destination rectangle. Any expansion width can be used. This func- 
tions precisely the same as a color expanded pattern copy with the pattern of all ones, except the 
pattern reads are skipped. 


Patterned Polygon Fills 


The CL-GD5480 can support patterned polygon fills with color expansion. The software decom- 
poses the polygon to be filled into a series of single scanlines, each filled with a single BitBLT. The 
first operation reads all 8 bytes of the monochrome pattern. Then, as long as there are no writes 
to the Source Start Address registers or the BLT Mode register (GR30), subsequent BitBLT oper- 
ations use the previously loaded source data (skipping the read cycles). In addition, the Y offset 
(initially set to the three least-significant bits of the source start address in GR2C[2:0]) increments 
modulo eight at the end of each operation. The result is each scanline starting one byte (that is, 
one scanline) further into the pattern than the previous (immediately above) scanline. The polygon 
can be filled with a series of single scanline fills that change only the destination start address, 
left-edge clipping, and width. The operation should proceed from top-to-bottom. A command list 
can be used for this. 


Protecting Bytes 


For 32-bpp graphics formats, avoid modifying the alpha bytes of each pixel during BitBLTs or ordi- 
nary memory writes. To do this, set GRB[2] to ‘1’, making register SR2 a byte-wise write protect 
for the entire 8-byte data path. That is, it protects the bytes of each qword destination write. 


Graphics Display Buffer Switching 


If CR5E[2:0] is programmed to ‘111’, the active graphics buffer (the displayed graphics buffer) is 
automatically switched at the conclusion of a BitBLT. The two buffers begin at frame buffer offset 
0 and at the Screen Start A registers (CRC, CRD, and so on). GR33[4] must be ‘1’ for frame buffer 
switching to occur. 


Primary Video Window Buffer Switching 


If CR5E[5:4] is programmed to ‘11’, the buffer for the primary video window is automatically 
switched at the conclusion of a capture field following the conclusion of a BitBLT where GR33[4] 
is ‘1’. 


Active Display Line Readback 


Register GR16 and GR17[1:0] contain the active display line. GR17[1:0] are the most-significant 
bits. These registers can be read any time to determine the currently displayed scanline. See the 
programming description in register GR16 in Section 8.25 on page 8-33. 
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9.5.13 Text Expansion BitBLT Example 


When using color expansion, a text string is copied from system memory. The monochrome image 
of the string is arranged in system memory by scanline. The destination area is 150 pixels by 25 
scanlines (8-bpp). The destination pitch is 1024 bytes. The registers must be loaded as indicated 
in Table 9-20. If the background pixels are not to be written (transparency), set GR30[3] to ‘1’. 


Table 9-20. Text Expansion BitBLT Example 






































Register(s) Value (hex) Field Notes 
GRO, GR10, GR12, GR14_ | FFFFFFFFh Background Color | As desired (white) 
GR1, GR11, GR13, GR15 | 00000000h Foreground Color | As desired (black) 
GR20-GR21 95h Width 150 — 1 bytes per scanline 
GR22-GR23 18h Height 25 — 1 scanlines 
GR24-—GR25 400h Destination Pitch 
GR26-—GR27 n/a Source Pitch System memory 
GR28-—GR2A X Destination Address | Wherever 
GR2C, GR2D, GR2E Xx Source Address System memory 
GR2F 0 Write Mask No clipping 
ered ean ee | 
GR32 ODh Raster OP SRCCOPY 
GR33 0 Extended Mode Byte granularity 
GR31 2 Start Set bit 1 




















After the registers are loaded, the source bitmap must be transferred. The first dword write trans- 
fers the image for pixels 0-31; the second write for pixels 32-63; the third write for pixels 64—95; 
the fourth for pixels 96-127. 
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The fifth dword write transfer is more interesting. The data for this transfer is shown in Figure 9-14. 
Higher-numbered bits within each byte of source control pixels further left on the screen. 


es Ene 


PIXELS 0-7 OF PIXELS 136-143 
NEXT SCANLINE DISCARDED 


(2 BITS) 


PIXELS 144-149 PIXELS 128-—135 


Figure 9-14. Text Expansion Example 


See Section 9.17.3 on page 9-86 for additional examples. 
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9.6 Video Processing Overview 


Figure 9-15 provides an overview of the video processing capabilities of the CL-GD5480. 
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| 
| 
| 
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CAPTURE SHRINK 
HORIZONTAL FILTER 
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CAPTURE CLIPPING 
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WINDOW 1 
SOURCE 2 ZOOM / SHRINK (WINDOW 1) 
COLOR-SPACE CONVERSION 
DISPLAY MIRROR 
YUV BRIGHTNESS ADJUST 
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Figure 9-15. Video Processing 
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Video is written into the frame buffer from the V-Port. The video source is typically a TV decoder, 
MPEG decoder, or digital camera. A number of operations can occur as the video is being cap- 
tured (such as, shrinking, clipping, and horizontal filtering). The video can be directed to any of 
three buffers, automatically selected according to the field being captured. 


Video can be displayed in each of the two video windows. A number of operations can take place 
on the data as it moves from the frame buffer through the pipeline. Typically, the video is color- 
space converted from YUV 4:2:2 or YUV 4:2:0 to RGB. In addition, the video can be zoomed in 
either or both dimensions or shrunk vertically as it is displayed (Window 1 only). Color key or 
chroma key occlusion allows graphics and video data to be mixed on a pixel-by-pixel basis. 


Figure 9-15 shows the capture buffers being distinct from the display buffers suggesting that data 
must be moved from one to the other. Actually, the display buffers are often assigned the same 
location in the frame buffer as the capture buffers. Figure 9-15 is drawn to emphasize the flexibility 
of the CL-GD5480. 


The CL-GD5480 bus master capability is called on to support the video stream engine. Video can 
be transferred from the frame buffer to system memory by the CL-GD5480 with a minimum of host 
intervention. As the data is transferred, it can be scaled vertically or split to support Direct Draw 
YUV Planar. 


Each buffer in the SGRAM has its own start address and can be anywhere in the memory. Also, 
Figure 9-15 shows the buffers all being the same size and being distributed evenly throughout the 
frame buffer. This is unlikely to be the case in an actual system. 


Video Windows 


The CL-GD5480 supports two rectangular video windows. An example video window is shown in 
Figure 9-16 on page 9-36. information displayed in each video window (other than the graphics or 
background data) is taken from an area in the frame buffer and is typically assigned a different 
color space (YUV) than the graphics data (RGB). The graphics data is written into the frame buffer 
by the host (perhaps using the BitBLT engine) in the normal manner. The video data is written into 
the frame buffer by the video capture port (V-Port) or by a video decoder process running in the 
host. 


The two video windows do not have precisely the same capabilities. Video Window 2 is intended 
for the local video monitor in a video conferencing application. Video Window 2 must have the 
same color space conversion as Video Window 1, but cannot support YUV 4:2:0. If pixel-wise 
occlusion is used for Video Window 2, it must use the same method and colors as Video Window 
1. The video in Video Window 2 cannot be zoomed or shrunk in the display pipeline. Finally, if 
Video Window 1 is displaying YUV 4:2:0, Video Window 2 must be disabled. 


The term video is used for pixels, modes, and so on in the windows. The term graphics is used for 
pixels, modes, and so on not in the windows. 
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Figure 9-16. Video Window Example 


9.7.1 Summary of Buffer Pointers 


Table 9-21 summarizes the SGRAM buffers used for capture, window source, and the video 
stream engine on the CL-GD5480. These buffers are referred to in this document using the short- 
hand abbreviation in the second column. The registers noted in the numbered columns are the 
source of the respective byte address bits into the frame buffer. 


When the condition noted in the UV Matrix column is true, the registers access a second set of 
hardware registers that point to the respective chrominance matrix for YUV 4:2:0 processing. 
Table 9-21 also shows the register that (normally) contains the buffer pitch (the distance between 
vertically adjacent pixels). 


Table 9-21. Video Buffer Summary 





Name Abbreviation | [21:18] [17:10] [9:2] [1:0] Pitch UV Matrix 
ee wisi CR3C[3:0] | CR3B[7:0] | CR3A[7:0] | CR5D[3:2] | CR3C/3D | CR4C[4] = 1 
assed w1s2 CR63[7:4] | CR61[7:0] | CR6O[7:0] | CR5D[3:2] | CR3C/3D | CR4CI4] = 1 
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Table 9-21. Video Buffer Summary (cont.) 


PROGRAMMING NOTES 















































Name Abbreviation [21:18] [17:10] [9:2] [1:0] Pitch UV Matrix 
Capture CBI CR58[3:0] | CR5A[7:0] | CR59[7:0] | CRS5D[3:2] | CR8C/3D | CR51[2:0] = 11 
Butter 1 [3:0] [7:0] 59[7:0] 5D[3:2] 3C/3 51[2:0] = 110 
al CB2 CR66[3:0] | CRE65[7:0] | CR64{7:0] 0 CR3C/3D | CR51[2:0] = 110 
Window 2 . : : é 
Salrce wes CR4C[3:0] | CR4B[7:0] | CR4A[7:0] | CR40[3:2] | CR4C/4D - 
Capture . : : 
Butere CB3 CR6A[3:0] | CR69[7:0] | CR68[7:0] 0 CR4C/4D - 
oe SB1 CR78[3:0] | CR73[7:0] | CR72[7:0] 0 CR7A CR7F[5] = 1 
ee SB2 CR79[3:0] | CR77[7:0] | CR76[7:0] 0 CR7A CR7F[5] = 1 
uffer 2 
9.7.2 Positioning Video Windows on the Screen 

The size and position of the video windows are specified in a number of registers, as shown in 

Figure 9-17 and Table 9-22. Figure 9-17 illustrates the parameters, while Table 9-22 lists the 

actual register numbers. Refer to Chapter 6, “Video Capture and Window Registers”, for register 

descriptions. 

VERTICAL 
SCREEN START A REGION 2 SIZE, START 





REGION 1 SIZE REGION 2 DATA SIZE 







OR FRAME BUFFER 0 









VERTICAL 
END 
VIDEO 
KX 
NS 
Figure 9-17. Positioning of the Video Window 
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Table 9-22. Size and Position of the Video Windows 



































Parameter Window 1 | Window 2 | Function 

Region 1 Size CR33/CR36 | CR43/CR46 | Horizontal start of video window in dwords of 
graphics data plus byte adjustment for pixel 

Region 1 Size Adjust CR5D[1:0] CR40[1:0] | granularity. (R1SZ) 

Region 2 Width CR34/CR36 | CR44/CR46 | Width of video window in dwords of graphics 
data skipped, plus byte adjustment for pixel 

Region 2 Size Adjust CR5D[5:4] CR40[5:4] | resolution. (R2SZ) 

Region 2 Source CR35/CR36 | CR45/CR46 | Dwords of video data to fetch for window. 

Data Size (R2DSZ) 

Vertical Start CR37/CR39 | CR47/CR49 | First scanline of video window. 

Vertical End CR38/CR39 | CR48/CR49 | Last scanline of video window. 

Vertical Start Odd/Even CR39[4] CR49[4] Used when CR17[2] is ‘1’ to double vertical 
counter for display modes with > 1024 scan- 

Vertical End Odd/Even CR39[5] CR49[5] line total. 











9.7.2.1. Video Window Position 


Vertical 


The vertical start and end of each video window are programmed in terms of display scanlines 
from the top of the screen. Vertical Start is programmed to the first scanline to be displayed in the 
window. A ‘0’ value places the window at the top of the screen. Vertical End is programmed to the 
last display scanline to be contained in the window. Each of these values is 10 bits (an 8-bit reg- 
ister plus two overflow bits). Vertical End must always be greater than Vertical Start (that is, the 
window must be vertically contiguous). Table 9-22 gives the vertical start and vertical end for each 
window. 


For display modes with greater than 1024 scanlines total, CR17[2] is ‘1’ to count by scanline pairs, 
rather than scanlines. The value programmed into Vertical Start and Vertical End must be one-half 
the actual desired scanlines. CR39[5:4] and CR49[5:4] can select the scanline of the pair to use, 
to allow each window to start and stop on the exact desired scanline. 


Horizontal 


The horizontal position and size of each video window are programmed in terms of dwords of 
graphics data. Figure 9-18 shows a single display scanline containing the video window. Each 
scanline consists of up to three regions. 


REGION 3 
GRAPHICS 


REGION 2 
VIDEO 
(CAN INCLUDE GRAPHICS WITH OCCLUSION) 


REGION 1 
GRAPHICS 








R2SZ 


R1SZ (REMAINDER OF SCANLINE) 


(R2DSZ ZOOMED) 


Figure 9-18. Horizontal Regions in the Video Windows 
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Horizontal Region 1 


Horizontal Region 1 begins with the first pixel in the scanline and consists of graphics pixels to the 
left of (before) the window. A number of dwords of graphical data equal to R7SZ (plus a zero-to- 
three byte count in R1Adjust) are fetched and displayed. The number of pixels in Horizontal 
Region 1 can be calculated with Equation 9-3. 


a2 


ResonS ee ae ee 
Rote ( Sraphis BPP 


* RISZ\+ aos 8 ) 


Equation 9-3 
GraphicsBPP oe 


For software compatibility with the CL-GD5440, the hardware is programmed in dwords rather 
than pixels. To allow the window to begin on any pixel boundary, R1Aajust can move the boundary 
within the dword (for 8-, 16-, or 24-bpp graphics data). 


If clock doubling is used, the windows must begin on a two-pixel boundary. This applies equally 
regardless of whether the graphics pixel depth is 8- or 16-bpp. 


Horizontal Region 1 can be programmed for a size of zero. In this case, the video window begins 
at the left edge of the screen. 


Horizontal Region 2 


Horizontal Region 2 is the window itself. It begins with the first pixel after the end of Horizontal 
Region 1. The size of this region is also defined in dwords of graphics data. The width of the video 
window (in pixels) can be calculated with Equation 9-4. 
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—_e_e_—_—_—_—S E tion 9-4 
GraphicsBPP een 


Region2Size = ( 


. R2SZ)+ (aa °8 ) 


GraphicsBPP 


The same considerations as those for Horizontal Region 1 apply. The window size can be adjusted 
to any pixel using R2Aqjust for 8-, 16-, or 24-bpp graphics data. If clock doubling is used, a two- 
pixel granularity applies. 


If occlusion is enabled, both the graphics and video data are fetched from the frame buffer. If occlu- 
sion support is not enabled, the graphics data ‘under’ the window is not actually fetched from the 
frame buffer. This lowers the bandwidth required and can offer better performance. For the special 
case when Video Window 2 is occluded and Video Window 1 is not occluded, the graphics data 
under Video Window 1 are fetched. 


Video Source Size 


For each scanline contained in the window, R2SDSize dwords of video data are fetched and dis- 
played during Horizontal Region 2 (the video window) with any programmed zoom factor. 


NOTE: Video Window 2 does not support zoom. 


This value must be programmed so that sufficient video data is fetched to fill (after zooming) the 
window. Use Equation 9-5 to calculate this value. The first element under the line in the equation 
considers that each dword of source data contains two or four pixels. The HorizontalZoomFactor 
is included to account for the fact that pixels are ‘generated’ for zooming. If the evaluation of this 
equation does not yield an integer, it must be rounded up. Programming R2SDSize to a value too 
small results in ‘trash’ at the right side of the window. Programming R2SDSize to a value too large 
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results in trash at the start of Horizontal Region 3. Programming R2SDSize just right obtains the 
best results. R2SDSize is a 10-bit field, programmed into a byte register with two overflow bits. 


Region2SizeinPixels 
a2 
VideoBPP 


Region2SDSize = Equation 9-5 


e HorizontalZoomFactor 


Horizontal Region 3 


Horizontal Region 3 is the area to the right of (after) the window. Graphics data is displayed begin- 
ning with the first pixel after those skipped as specified in R2SZ. If Horizontal Regions 1 and 2 are 
programmed so that the window extends to the right edge of the screen, there is no Horizontal 
Region 3. 


Enabling the Video Windows 


CR3E[0] is the master enable bit for Video Window 1. CR4E[0] is the master enable bit for Video 
Window 2. When either or both of these bits is ‘1’, the display of data in the respective video win- 
dow is enabled. These bits take effect on the next leading edge of the display (VGA) VSYNC. 


Video Source Address and Offset — Window 1 


Video can be displayed from anywhere in the frame buffer, although typically it comes from a 
region separate from the graphics data. The CL-GD5480 provides support for double-buffering the 
video data for Video Window 1. CR66[6] controls where the second buffer is specified. Table 9-23 
shows the source of the address bits for the beginning of each of the buffers when the CL-GD5480 
is configured for CL-GD5480 mode. 


Table 9-23. Video Source Beginning Address Bits: Window 1 (CL-GD5480 Mode) 








Address Bits 
(Correspond to a 4-Mbyte 21:18 17:10 9:2 1:0 CR66[6] 
Linear Address) 
Window 1 Source 1 (W1S1) CR3C[3:0] | CR3B[7:0] | CR3A[7:0] | CRS5D[3:2] Oor1 
Window 1 Source 2 (W1S2) CR63[7:4] | CR61[7:0] | CR60[7:0] | CR5D[3:2] 1 


























Figure 9-24 shows the source of the address bits for the beginning of each of the buffers when the 
CL-GD5480 is configured for CL-GD5446 compatibility. 


Table 9-24. Video Source Beginning Address Bits: Window 1 (CL-GD5446 Mode) 
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Address Bits 
(Correspond to a 4-Mbyte 21:18 17:10 9:2 1:0 CR66[6] 
Linear Address) 
Window 1 Source 1 (W1S1) CR3C[3:0] | CR3B[7:0] | CR3A[7:0] | CRS5D[3:2] Oor1 
Video Capture Buffer 1 (CB1) CR58[3:0] | CR5A[7:0] | CR59[7:0] | CRS5D[3:2] 0 
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9.7.5 


9.7.6 


At the end of each scanline contained in the window, the video buffer offset (this is also called the 
pitch or stride, see Section 9.4 on page 9-9) is added to the video window address to obtain the 
beginning address of the video for the next scanline. This is a 12-bit byte offset; the least-signifi- 
cant three bits are forced to ‘0’. This offset is always used for display, regardless of CR66[6]. 


Table 9-25. Video Buffer Line Address Offset: Window 1 
Address Bits 


(Correspond to a 4-Mbyte 
Linear Address) 





Register: CR3C[5] | CR3D[7:0] 0 














Video Source Address and Offset — Window 2 


Video for Window 2 is typically captured into Capture Buffer 3 (CB3) and is always displayed from 
the Window 2 source (W2S). Table 9-26 shows the source of the address bits for the beginning of 
this buffer. 


Table 9-26. Video Source Beginning Address Bits — Window 2 








Address Bits 
(Correspond to a 4-Mbyte 1:0 
Linear Address) 
Window 2 Source (W2S) CR4C[3:0] | CR4B[7:0] | CR4A[7:0] | CR40[3:2] 











At the end of each scanline contained in the window, the video buffer offset is added to the Video 
Window 2 address to obtain the beginning address of the video for the next scanline. This is a 
12-bit byte offset; the least-significant three bits are forced to ‘0’. 


Table 9-27. Video Buffer Line Address Offset: Window 2 


Address Bits 
(Correspond to a 4-Mbyte 
Linear Address) 





Register: CR4C[5] | CR4D[7:0] 0 














Video Window 1 Double Buffering 
The CL-GD5480 supports double buffering of the video display of Video Window 1. 


If CR66[6] is ‘1’, CL-GD5480 double buffering is used. CR5E[5:4] controls which buffer is used for 
display (the capture buffers are defined by the V-Port). The display buffers are summarized in 
Table 9-28 on page 9-42. 
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Table 9-28. Video Buffer Switching Control: CL-GD5480 

















CR5E[5:4] | Function Note 

00 W181 is display These cases are for software cap- 
— ture, where the process can explic- 

01 W182 is display itly control how the buffers are 

being used. 
10 CR6F[3:2] = 01: Switch to W1S1 for next window on VREF See Section 9.8.3 on page 9-47. 
CR6F[3:2] = 10: Switch to W1S2 for next window on VREF 
11 Switch at completion of selected BitBLT (GR33[4] = 1) 











If CR66[6] is ‘0’, CL-GD5446 compatible double buffering is used. The video source beginning 
address is contained in one of two register sets (referred to as Window 1 Source 1 and Video Cap- 
ture Buffer 1 in Table 9-23). CR5E[4:3] controls the selection of video buffers as shown in 
Table 9-29. 


Table 9-29. Video Buffer Switching Control: CL-GD5446 Compatibility 














CR5E[5:4] | Function Note 
00 W1S1 is display, CB1 is capture These cases are for software capture, 
where the process can explicitly control 
01 W1S1 is capture, CB1 is display how the buffers are being used. 
10 Auto-Switch with each VREF See Section 9.8.5 on page 9-51. 
(or alternate VREF for interlace) 
11 Switch at completion of BitBLT with GR33[4] = 1 

















The switches described in Table 9-28 and Table 9-29 are triggers. The actual buffer used for any 
given VGA refresh period is selected just as the screen refresh reaches the top of the video win- 
dow. 


Video Display Formats 


The pixel format of the video displayed in the windows is specified in CR3E[3:1]. Both windows 
display the same format with the following restriction: If Window 1 is displaying YUV 4:2:0 video, 
then Window 2 must be disabled. 


Table 9-30. Video Display Format 














CR3E[3:1] Format Note 
000 YUV 4:2:2 CCIR601 or full-scale selected by CR3E[6] 
001 AccuPak Encoded from YCrCb, excess 128 Cr, Cb 
010 Reserved 
011 YUV 4:2:0 Window 1 only 
100 RGB 5:5:5 Also controls PCI bus write as RGB; 
decimate if CR3F[4] = 1 using the video aperture. 
101 RGB 5:6:5 
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9.7.9 


Table 9-30. Video Display Format (cont.) 


CR3E[3:1] Format Note 


110 Reserved 





111 Reserved 




















There are some limitations, depending on the graphics mode and the DRAM size (that effectively 
sets the frame buffer bandwidth). When the CL-GD5480 is programmed for a clock-doubled dis- 
play mode, a dword granularity restriction applies. When the CL-GD5480 is programmed for a 32- 
bpp display mode, video windows cannot be used. 


Video Resizing — Window 1 


The source video for Video Window 1 can be zoomed (expanded) horizontally and vertically as it 
is displayed; it can also be shrunk vertically. The zoom factors for X (horizontal) and Y (vertical) 
are specified independently. X zoom is specified in register CR31;Y zoom and Y shrink are spec- 
ified in register CR32. The zoom code programmed into each register is interpreted according to 
Equation 9-6. 


256 
Z Fact = > Equation 9-6 
oomFactor = 7 quation 


A zoom code of ‘0’ produces a 1:1 zoom factor (zooming is turned off in the corresponding dimen- 
sion). Practical values for the ZoomCode are 64—255 (producing zoom factors from 4:1 to slightly 
more than 1:1). 


Zooming in the X (horizontal) dimension is always done with interpolation. Pixels inserted between 
source pixels are calculated by taking a weighted average of the adjacent real pixels. The weight- 
ing is not continuously variable; there are five levels including both end cases. 


Zooming in the Y (vertical) dimension can be done either with interpolation or with line replication. 
Interpolation produces better results and should be used. 


NOTE: Interpolation cannot be used if the pixel clock is greater than 108 MHz. 
Vertical shrinking is selected if CR39[6] is ‘1’. In this case, the vertical zoom code is interpreted 
according to Equation 9-7. 


VerticalShrinkFactor = es Equation 9-7 


A zoom code of zero is illegal when vertical shrink is enabled. Practical values for the VertZoom- 
Code when shrinking are 16—255 (producing shrink factors from 1/16 to slightly less than 1). 


The Video Window 2 does not support resizing. 


Occlusion Support 


When occlusion support is enabled, graphics and video can be mixed within the video windows 
on a pixel-by-pixel basis. There is either an overlay of video on graphics or an overlay of graphics 
on video. This function is enabled by setting CR3E[7] to ‘1’. There are two quite distinct methods 
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of selecting the pixel to be displayed, depending on the programming of CR1D[5]. Occlusion is the 
same for both video windows (see Section 9.7.10). 


The area of overlay is limited to the video windows (that can be programmed to be the entire 
screen). When memory bandwidth permits, use this for live-video display in windowing environ- 
ments. 


9.7.9.1 Color Key Mode (Graphics Stream) 


Color Key mode is enabled by setting CR1D[5] to ‘0’. Each pixel of graphics data is compared to 
the contents of the color key registers, as shown in Table 9-31. If the comparison is true, the graph- 
ics pixel is replaced with the corresponding video pixel. If the comparison is false, the graphics 
pixel is displayed. 


Table 9-31. Color Key Registers: CR1D[5] = 0 

















CR1D[4:3] Case 
8-bit compare under mask 
00 ‘{’ in mask causes corresponding bit position in color 
key to be ignored. 
01 Low byte High byte i 16-bit compare (16-bpp graphics) 
01 Blue Green Red 24-bit compare (24-bpp graphics) 
10 = = = Reserved 
; GRD[7] compared to pixel 15 (used with 1:5:5:5 RGB 
11 - Bit 7 - : 
graphics) 

















This method of pixel selection uses the pixels in the graphics stream to select where to display the 
video pixels. This works well when other windows partially cover a video window, to put text in the 
video, or to mix two screens (foreground/background for video game applications). One or more 
graphics color value can be dedicated to allow the video to show through. 


Case ‘11’ in Table 9-31 allows pixels to be individually selected, rather than by color. 
9.7.9.2 Chroma Key Mode (Video Stream) 


Chroma Key mode is enabled by setting CR1D[5] to ‘1’. Each pixel from the video stream is com- 
pared to the contents of three register pairs, shown in Table 9-32. This is also called se/f-keying 
video. 


This comparison occurs before horizontal zooming. If the video format is AccuPak, the compari- 
son occurs after the conversion to YUV. 


November 1996 9-44 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual PROGRAMMING NOTES 


Table 9-32. Chroma Key Registers: CR1D[5] = 1 

















Register YUV Video RGB Video 
GRC Y MIN Red MIN 
GRD Y MAX Red MAX 
GR1C U MIN Green MIN 
GR1D U MAX Green MAX 
GR1E V MIN Blue MIN 
GRI1F V MAX Blue MAX 

















If all three components of the video source are within their respective ranges, the pixel is replaced 
with the pixel of graphics source that would have displayed if the window was not enabled. The 
comparison is inclusive. If a component of the video source is equal to its respective minimum or 
maximum, it is considered within range. 


This is typically used for special live-video effects such as ‘blue screen’ (for example, where a 
weather reporter stands in front of a blue background, and is overlaid onto a different scene, such 
as a weather map). In this case, the chroma key is set to a range of blue hues. 


9.7.10 Window 2 


9.7.11 


When Window 2 is enabled, it can be programmed to use the same key as Window 1 or it can be 
programmed to be unconditionally displayed over the graphics. This is controlled with CR4E[7]. If 
both windows are enabled, and if they overlap, CR4F[1:0] specify which window has priority. There 
is no pixel-by-pixel occlusion between the two windows. Either one window or the other is on top. 


Display Brightness Adjust 


Register CR5B contains a 5-bit value added to the Y data (luminance) for each YUV pixel in each 
window. This is used for both YUV 4:2:2 and YUV 4:2:0. This allows a modest increase in bright- 
ness for MPEG playback. Experiments indicate that a value between 16 and 25 works well. This 
is heavily dependent on the source material. 


9.7.12 YUV 4:2:0 Display 


The CL-GD5480 displays YUV 4:2:0 video in Window 1 when CR3E[3:1] is programmed to ‘011’. 
Window 2 must be disabled when YUV 4:2:0 is being displayed in Window 1. 


Only Window 1 Source 1 (CR3A/3B/3C) or the Window 1 Source 2 (CR60/CR61/CR63) can be 
used to display YUV 4:2:0 video. The source for YUV 4:2:0 video is two buffers (matrixes), one for 
the luminance (Y) data and one for the chrominance (UV) data. There are two sets of registers at 
CR3A/CR3B/CR8C and CR60/CR61/CR63. The set of registers used to address the luminance 
matrix are accessible when CR4C[4] is ‘0’. The set of registers used to address the chrominance 
matrix are accessible when CR4C[4] is ‘1’. 


NOTE: YUV 4:2:0 data cannot be mirrored. 
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9.7.13 AccuPak™ 


AccuPak is a Cirrus Logic-proprietary method of compressing YUV into 1-bpp (actually, four pixels 
are compressed into a 4-byte packet). This reduces the amount of storage required, as well as the 
display memory bandwidth requirements. The format of the AccuPak packet is shown in 
Figure 9-3 on page 9-12. The CL-GD5480 can compress YUV to AccuPak during the video cap- 
ture process, then decompress the AccuPak back to YUV in the display process. 


If CR51[2:0] is programmed to ‘011’, YUV 4:2:2 data is compressed to AccuPak as it is captured 
(refer to Table 9-39). 


AccuPak video can only be displayed in the video windows. If CR3E[3:1] is ‘001b’, the source data 
expands to YUV 4:2:2 prior to the color space conversion to RGB. 


9.7.14 Alternate FIFO Threshold 


9.8 


9.8.1 


9.8.2 


If CR5C[4] is ‘1’, the alternate FIFO threshold in CR5C[3:0] is used instead of the default threshold 
in SR16[3:0]. The alternate threshold is only for scanlines included in the video windows. To pre- 
vent data underflow during the video windows, the alternate threshold is typically programmed to 
a value higher than SR16[3:0]. The CL-GD5480 uses the default threshold for scanlines not in 
either window, switching to the alternate threshold during the video windows. This maximizes the 
available frame buffer bandwidth while concurrently avoiding overruns. 


Video Capture 


The CL-GD5480 can accept video from the V-Port and transfer it to the frame buffer. Captured 
video is generally displayed in one or the other of the video windows, or transferred to system 
memory using the video stream engine. Since frame-rate conversion occurs in the CL-GD5480 
frame buffer, it is not necessary to synchronize the video source with the graphics screen refresh 
to display it. The data can be shrunk or converted to YUV 4:2:0 or AccuPak as it is captured. Lumi- 
nance-only (VBI) capture is supported. 


Enabling Video Capture 


Video capture is enabled when CR51[3] is ‘1’ and the CR50[1:0] field is programmed to any value 
other than ‘00’. 


Temporal Decimation 


The CL-GD5480 can be programmed to not capture every field, The bits listed in Table 9-33 are 
programmed to control which fields are captured. The terms ‘odd field’ and ‘even field’ are for ref- 
erence only. The fields available at the V-Port alternate between odd and even, as defined by the 
sense of HREF when VREF falls, or the Field State bit in the CCIR656 header. The sense of these 
indicators can be inverted (CR58[6)). 
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Table 9-33. Video Capture: Temporal Decimation 
































ee ee ene | eee | ie 
0 X X xX Disabled 
1 0 0 X Every field 
1 1 0 0 Odd fields (every other field) 
1 1 0 1 Even fields (every other field) 
1 1 1 0 Alternate odd fields (every fourth field) 
1 1 1 1 Alternate even fields (every fourth field) 








Which Fields Go Where 


Once temporal decimation occurs (that is, once the CL-GD5480 is triggered to capture a field), it 
can be written into any of three buffers (two buffers only when configured for CL-GD5446 mode). 
Table 9-34 lists which field (following temporal decimation) goes into which buffer. 


Table 9-34. Field Assignment 
































Seen aa CR6F[1] | CR6F[O] | Case Reference 
0 Not enabled X X Capture disabled n/a 
0 Enabled X X CL-GD5446 compatible: Buffer 1 Section 9.8.3.1 
1 Enabled 0 0 Independent capture: Buffer 1 Section 9.8.3.2 
1 Enabled 0 1 Independent capture: Buffers 1, 3 Section 9.8.3.2 
1 Enabled 1 0 Independent capture: Buffers 1, 2 Section 9.8.3.2 
1 Enabled 1 1 Independent capture: Buffers 1,2, 3 | Section 9.8.3.2 














9.8.3.1 CL-GD5446 Compatible — Capture Buffer 1 Enabled 


This mode is compatible with the CL-GD5446. Buffer 1 is either the Capture Buffer 1 
(CR59/CR5A/CR58), Window 1 Source 1 (CR3A/CR3B/CR3C), or toggles between the two as set 
in CR5E[5:4]. Whichever one is the capture buffer, the other the display buffer. 


Table 9-35. CL-GD5446 Compatible — Capture Buffer 1 Enabled 





























eau Sasci6) Enso) ACHR nee 
0 0 0 Capture all fields CR58[6] is don’t care 
0 0 1 Capture alternate fields Use ‘100’ (control odd/even) 
0 1 0 Capture all fields, use interlaced addressing CR58[6] is don’t care 
1 0 0 Capture odd or even fields CR58[6] controls odd/even 
1 0 1 Capture alternate odd or even fields CR58[6] controls odd/even 
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9.8.3.2 Independent Capture 


Buffer 1 Enabled 


This mode is exactly the same as CL-GD5446 compatible, except that CR66[6] is ‘1’. The capture 
buffer uses the pitch (offset) specified in registers CR66 and CR67, and the meaning of the 
CR5E[5:4] field changes. 


Buffers 1 and 3 


Capture Buffer 1 alternates with Capture Buffer 3. This allows alternate fields to be directed to dif- 
ferent windows. Typically, the odd fields are used for local video and are displayed in the second 
video window. The sense of odd and even can be inverted with CR58[6]. 


Buffers used for video capture are controlled solely by the V-Port. The buffer(s) used for the Video 
Window 1 (but not Video Window 2) are controlled by CR5E[5:4]. 


Table 9-36. Independent Capture — Buffers 1 and 3 


























ODD INT ALT Action 
CR50[7] | CR50[6] | CR50[2] 

0 0 0 Capture all fields: alternate between CR58[6] = ‘0’: CB1 = even 
CB1 (1,3) and CB3 (2,4) CR58[6] = ‘1’: CB1 = odd 
Capture alternate fields: alternate AAs 

0 0 1 between CBI (0,4) and CB3 (2,6) Use ‘100’ (control odd/even) 
Capture all fields: alternate buffers CR58[6] controls inter- 

0 1 0 every two fields: CB1(0,1, 4,5) and leaved addresses: 
CB3 (2,3, 6,7), use interleaved CR58[6] = ‘0’: offset odd 
addressing CR58[6] = ‘1’: offset even 
Capture odd or even fields: alternate 

1 0 0 between CB1 (1,5 or 0,4) and CB3 CR58[6] controls odd/even 
(3,7 or 2,6) 
Capture alternate odd or even fields: 

1 0 1 alternate between CB1 (1,9 or 0,8) CR58[6] controls odd/even 
and CB3 (5,13 or 4,12) 





Buffers 1 and 2 


Capture Buffer 1 alternates with Capture Buffer 2. The buffers used for video capture are con- 
trolled strictly by the V-Port. The buffer(s) used for the video window are controlled by CR5E[5:4]. 


Table 9-37. Independent Capture — Buffers 1 and 2 





ope NE el Action Note 
CR50[7] | CR50[6] | CR50[2] 
0 0 0 Capture all fields: alternate between CB1 CR58[6] = ‘0’: CB1 = even 
(1,3) and CB2 (2,4) CR58[6] = ‘1’: CB1 = odd 
Capture alternate fields: alternate between “a AAG 
0 0 1 CBI (0,4) and CB2 (2,6) Use ‘100’ (control odd/even) 
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PROGRAMMING NOTES 




















4,12) 





ODP ald AE Action Note 
CR50[7] | CR50[6] | CR50[2] 

Capture all fields: alternate buffers every two Sees a 

0 1 0 fields: CB1(0,1, 4,5) and CB2 (2,3, 6,7), use iis 
interleaved addressing CRS@[6] = ‘0’: offset odd 

CR58[6] = ‘1’: offset even 

Capture odd or even fields: alternate between 

1 0 0 CBI (1,5 or 0,4) and CB2 (3,7 or 2,6) CR58[6] controls odd/even 
Capture alternate odd or even fields: alternate 

1 0 1 between CB1 (1,9 or 0,8) and CB2 (5,13 or CR58[6] controls odd/even 








Buffers 1, 2 and 3 


All three buffers are enabled. In general, Capture Buffer 3 gets every other field captured and Cap- 
ture Buffers 1 and 2 each get every fourth field. 


Table 9-38. Independent Capture — Buffers 1, 2 and 3 





ODD 


INT 


ALT 
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CR50[7] | CR50[6] | CR50[2] | Acton mon 

0 0 0 Capture all fields: alternate among CB1 CR58[6] = 0: CB3 = odd 
(0,4), CB2 (2,6), and CB3 (1,3,5,7) CR58[6] = 1: CB3 = even 

0 0 1 Capture alternate fields: alternate among Use ‘100’ (control odd/even) 
CB1 (1,9), CB2 (5,13), and CB3 (3,7,11,15) 
Capture all fields: alternate buffers every oes Inncneaved 

0 1 0 two fields: CB1(0,1), CB2 (4,5), and CB3 CR58/6] 0: aifsetodd 
(2,3,7,8) CR58[6] = 1: offset even 
Capture odd or even fields: alternate CR58[6] controls odd/even 

1 0 0 among CB1 (1,9 or 0,8), CB2 (5,13 or 
4,12), and CB3 (3,7,11,15 or 2,6,10,14) 
Capture alternate odd or even fields: alter- | CR58[6] controls odd/even 

1 0 1 nate among CB1 (1,17 or 0,16), CB2 (9,25 
or 8,24), and CB3 (5,13,21,29 or 
4,12,20,28) 
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CR51[2:0] specifies the format of the captured data. The encoding of this field is shown in 
Table 9-39. The capture and display formats are specified in separate registers. If the data is being 
captured for display, for best results program these two fields to compatible values. 























Table 9-39. Video Capture Data Format 
CR51[2:0] | Format Note 

000 YUV16 
001 RGB16 5:5:5 or 5:6:5 
010 Accupak™ 
011 YUV-to-Accupak™ 
100 Reserved 
101 Reserved 
110 YUV 4:2:2 to YUV 4:2:0 Not Capture Buffer 3 
111 | ¥edata capture only owe 

















9.8.4.1 Capture Buffer Addressing 


Non-Interlaced Video Capture 


The start of each video field is signalled by the falling edge on VREF (see Section 9.8.5.2 on 
page 9-54) or the appropriate header field on CCIR 656 encoding. At the start of each field to be 
captured, the starting address is copied from the appropriate buffer pointer register set into a start- 
of-line address register. The start of each active line is signalled by the first assertion of VACT after 
a leading edge of HREF. At the start of each line, the start-of-line address register is copied into 
the video address counter. This is the register that actually addresses memory for stores. The 
start-of-line address then increments by the buffer offset, as shown in Table 9-40, for the next 
scanline of data. The video address counter increments by one (corresponding to address bit 
three) (or two for dwords) following each qword transfer from the video input FIFO to the frame 


buffer. 


Table 9-40. Video Capture Buffer Offset 




















Buffer vasosilt ; CR5CI7]=1 | CR66[6] = 1 
Video Window Source (VWS) CR3D CR5F[7:4] x 256 CR3D 
Capture Buffer 1 (CB1) CR3D CR5F[7:4] x 256 CR67 
Capture Buffer 2 (CB2) CR3D CR5F[7:4] x 256 CR67 
Capture Buffer 3 (CB3) CR6B CR6B CR6B 
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9.8.5 


Interlaced Video Capture 


This mode is enabled by programming CR50{6] to ‘1’. At the start of each video field to be cap- 
tured, the starting address is copied from the appropriate buffer pointer register set into a start-of- 
line address register. For odd fields, this register increments by the video buffer offset to point to 
the second scanline in the video window. At the start of each active line, as indicated by the first 
assertion of VACT after a leading edge of HREF, the start-of-line address register is copied into 
the video address counter. This is the register that actually addresses memory for stores. The 
start-of-line address then increments by twice the video buffer offset to point to the next scanline 
but one. The video data is converted from interlaced to non-interlaced as it is captured, by being 
stored into alternate scanlines and offsetting the odd field by one scanline. The sense of even/odd 
can be inverted by programming CR58[5] to ‘1’. 


The odd field is indicated by HREF being high at the falling edge of VREF. See the timing diagram 
in Figure 11-7 on page 11-12 for VPORT VREF timing. If CR58[6] is ‘1’, the sense of the field 
decode is inverted. 


YUV 4:2:2-to-YUV 4:2:0 Conversion 


When CR51[2:0] is programmed to ‘110’, the CL-GD5480 coverts YUV 4:2:2 video to YUV 4:2:0 
as it is captured. This effects only Capture Buffers 1 and 2. Capture Buffer 3 (normally associated 
with Video Window 2) remains configured for YUV 4:2:2. 


There are two matrices for each buffer, the luminance matrix and chrominance matrix. When 
CR51[2:0] is programmed to ‘110’, the indexes (at CR58/CR59/CR5A and CR64/CR65/CR66) 
access registers used for the chrominance matrix. When CR51[2:0] is programmed to any other 
value, the indexes access registers used for the luminance matrix. 


Video Capture for Display 


Double Buffering 


The CL-GD5480 has support for double buffering of the video display and video capture buffers. 
This simplifies the ‘tear-free’ display of animation, video, video games, and other continuously 
updated screens. Double-buffering control is based on the frame-rate of the input video always 
being lower than the refresh rate of the display. 


Two sets of buffer pointers are used, as shown in Table 9-23. While one buffer is being filled by the 
capture mechanism, the other is being displayed in the video window. When AutoSwitch is 
enabled (by programming CR5E[5:4] to ‘10’), the CL-GD5480 automatically switches between 
buffers each time a frame is captured. 


When frame capture is complete (as indicated by VREF), the CL-GD5480 switches capture buff- 
ers immediately (switching to the buffer being used for video display) and switches display buffers 
at the beginning of the video window in the next screen refresh cycle (switching to the buffer con- 
taining the frame just captured). The same buffer is used for capture and display until the end of 
the video window in the current display frame, but is not a problem since the capture is behind the 
display and cannot catch up. 


When auto-switch is enabled, CR3F[2] can be read to determine which buffer is the current cap- 
ture buffer. 
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VBI (Vertical Blanking Interval) 


VBI capture is enabled by CR5C[6] and CR5C[5], as shown in Table 9-41. When counting lines to 
CR56[4:0], only lines with at least one valid PIXCLK are counted (that is, at least one PIXCLK 
accompanied with VACT high). 


Table 9-41. Luminance-Only Capture Control 




















CR5C[5] | CR5C[6] | Function Note 
0 X VBI capture disabled Count lines until CR56[4:0], then capture video. 
Count lines until CR56[4:0], capture one scanline, then 
1 0 VBI capture enabled capture video. 
1 1 VBI capture enabled Capture data from VREF to CR56[4:0], then capture video. 











Closed-caption data is transmitted during a single scanline of each odd field (usually line 21). The 
CL-GD5480 can be programmed to skip over the first n scanlines (programmed in CR56[4:0]), 
capture one scanline, then switch to normal video capture. 


TeleText and Intercast data is transmitted during the vertical front porch period and can be present 
in all blanked lines. The CL-GD5480 can be programmed to capture during the first n scanlines 
(programmed in CR56[4:0]) and then switch to normal video capture. 


VBI data is stored at the beginning of the capture buffer. When CR5C[6] is ‘0’, one extra offset is 
added to the Start address for the display. 


If CR5C[7] is ‘1’, the capture buffer offset specified in CR5F[7:4] is used during VBI capture. The 
value in CR5F[7:4] is multiplied by 256. If this value is ‘0’, the VBI data is captured into a contigu- 
ous buffer. 


9.8.5.1 Clipping for Capture Buffers 1 and 2 and Capture Shrink 


The amount of data actually captured into the frame buffer can be reduced. This allows an appli- 
cation to allocate only as much buffer memory as is necessary and to reduce the amount of frame 
buffer bandwidth used. The application can apply a clipping rectangle (Buffers 1 and 2 only). In 
addition, the application can program a capture shrink (available for all three capture buffers). 


Capture clipping allows the total amount of data stored to be reduced by applying a clipping rect- 
angle to the capture process. This is programmed in the registers shown in Table 9-42. 


Table 9-42. Capture Clipping: Capture Buffers 1 and 2 

















Function Register Note 

Horizontal capture delay CR54, CR5F[1:0] Left-edge clipping. 

Horizontal Width CR55, CR5F[2] Right-edge clipping. 
Top clipping. 

Vertical capture delay CR56, CR58 [7] Not available with TeleText, Intercast, or closed-caption 
capture. 

Maximum capture height CR57, CR58[4,5] Bottom clipping. 
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When CR51[4] is ‘1’, the CL-GD5480 uses variable shrink up to 1/256. A shrink code is program- 
mable for each dimension; Capture Buffer 3 has its own set of shrink codes. n/256 pixels or scan- 
lines are retained, where n is the shrink code. The pixels or scanlines that are dropped are evenly 
distributed. For the horizontal dimension, filtering is programmable in the registers shown in 
Table 9-43. 


Table 9-43. Capture Shrink 








Capture Buffers 1 and 2 Capture Buffers 3 
Function 
Shrink Code | Filter Shrink Code | Filter 
Horizontal CR52 CR6F[7:6] CR6C CR6F[5:4] 
Vertical CR53 n/a CR6D n/a 
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When CR51[4] is 0, the CL-GD5480 uses CL-GD5446—compatible shrink (data reduction) for 
Capture Buffer 1 only. Capture shrinking is implemented by dropping n/32 pixels or scanlines. 
Some typical values are shown in Table 9-44. All 32 possible cases can be used. Data reduction 
is independent for the two dimensions. This applies only to Capture Buffer 1 and is retained for 
compatibility with software written for the CL-GD5446. 


Table 9-44. Capture Shrink Encoding: Capture Buffer 1 (CL-GD5446 Compatible) 
































pasa] Drop n/32 Pixels/Scanlines Scale Factor 
00000 None Disable data reduction 
00001 1/32 31/32 scale 
00010 2/32 (every 16th pixel/scanline) 30/32 (15/16) scale 
00100 4/32 (every 8th pixel/scanline) 28/32 (7/8) scale 
01000 8/32 (every 4th pixel/scanline) 24/32 (3/4) scale 
10000 16/32 (every other pixel/scanline) 16/32 (1/2) scale 
11000 24/32 (3 of every 4 pixels/scanlines) 8/32 (1/4) scale 
11100 28/32 (7 of every 8 pixels/scanlines) 4/32 (1/8) scale 
11110 30/32 (15 of every 16 pixels/scanlines) | 2/32 (1/16) scale 
11111 31/32 (31 of every 32 pixels/scanlines) | 1/32 scale 
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9.8.5.2 Pin Redefinition 


Table 9-45 lists the pins that are redefined (CR50[1:0]) when the V-Port is enabled. These pins are 
all inputs when the V-Port is enabled. 


Table 9-45. V-Port™ Pin Definition 














Pin Name V-Port™ Name | Description Note 
DCLK PIXCLK Video Pixel clock Cal be programed as Single 

or double edge. 
EDCLK# VREF Video Vertical Sync Falling edge indicates beginning of each field. 
BLANK# HREF Video Horizontal Syne | oo'cates beetle Nias Me: 
EVIDEO# VACT Video Active When high, indicates valid video samples on PIXD. 
P[7:0] PIXD[7:0] Video Pixel Input 




















9.8.5.3 Transfer Protocol 
Vertical Timing 
The leading edge of VREF defines the end of one frame and the beginning of the next. Several 
things occur on this edge: 
e The state of HREF and CR58[6] determine whether the next field is even or odd. 


e The CL-GD5480 determines whether to skip the current frame, based on whether it is odd or even and 
the state of CR50[7] and CR50[2]. 


If the field is to be captured: 
e The capture line counter is reset to ‘0’. 


e The internal capture address register is loaded with the address of the appropriate capture buffer (CB1, 
CB2, CB3, or VWS). 


Depending on the state of CR5C[6:5], the CL-GD5480 counts or captures scanlines until 
CR56[7:0], as shown in Table 9-41. Once normal video capture commences, it continues until the 
next leading edge of VREF or until the line count equals the video capture maximum height (reg- 
ister CR57). In the latter case, the V-Port waits until the VREF falling edge. When counting lines 
to video capture maximum height, only lines with at least one PIXCLK with VACT high are 
counted. In addition, lines that are skipped due to data reduction are not counted. Only lines where 
pixels are actually stored are counted. 


The rising edge of VREF defines the end of the field and the falling edge defines the beginning of 
the next field. 
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Horizontal Timing 


A scanline ends with the active edge of HREF, as controlled by CR50[1:0] (see Table 9-46). The 
following occurs with this edge: 


1) The capture FIFO is flushed. Any data from the previous line is written into the frame buffer. A few micro- 
seconds is required for this, and must be provided before VACT is allowed to go active. 


2) Onthe first PIXCLK accompanied by VACT high, the new line start address is loaded by adding the start 
address offset (or two times the start address offset for interlaced capture) to the previous start address. 


PIXCLKs accompanied by VACT high are counted until CR54[7:0], but the data are not stored. 
This is /eft-edge clipping. When CR54[7:0] data pixels are skipped, pixels are captured with hori- 
zontal data reduction, until the next HREF active edge. 


The active edge of HREF defines the end of the scanline. 
9.8.5.4 Miscellaneous Controls 


The register bits described in Table 9-46 control the details of how the captured video is clocked 
into the V-Port. 


Table 9-46. Video Capture Protocol: Miscellaneous Controls 





Register Bit(s) | Function Sense 
CR50[5] 
Invert capture clock If either bit is ‘1’, the capture clock is inverted. 
GRE[0] 





0 =rising edge only; 1 = use both edges 
CR50[3] Capture clock input mode | Only for 16-bit data through 8-bit V-Port with a 
PIXCLK at 16-bit rate. 





00 = Standard feature connector 

01 = Digital Camera Interface mode 

10 = Rising edge HREF ends capture line 
11 = Falling edge HREF ends capture line 


CR50[1:0] Video pin configuration 




















Digital Camera Interface mode uses only PIXD[7:0] for all video data. HSYNC and VSYNC are 
encoded in the video data stream as a header of 0x00, 0x00, OxFF, and 1 byte of status. 
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9.10 


PCI Bus Master 


The PCI bus master logic manages PCI writes initiated by the CL-GD5480. A single page table 
supporting 4-Kbyte pages is used for all bus master PCI virtual memory management. Each page 
table is a dword containing a partial address in system memory. CR1E—CR1F points to the begin- 
ning of the page table. 


Figure 9-19 shows the format of a page table entry. Reserved bits in page table entries must be 
written as ‘0’ for future compatibility. 


31 12 11 98 7 6 1 #O 


RESERVED RESERVED 
UPPER PCI ADDRESS 
(20 BITS FOR 4K BUFFER) 


BYTE SWAPPING MODE: 00 NO SWAP 
01 WORD SWAP. 
10 DWORD SWAP 





Figure 9-19. Page Table Entry 


Bits 31:12 of the page table entry correspond to bits 31:12 of the address in system memory. Bits 
8:7 of the page table entry control byte swapping. Bit 0 indicates that the page is present in the 
frame buffer and the transfer should actually occur. 


Video-to-System Stream Engine 


The CL-GD5480 can transfer data from the frame buffer to system memory. This is implemented 
in the stream engine logic, which calls on the PCI bus master to perform the actual transfers. The 
stream engine is designed with two sets of source and destination buffer pointers, allowing the 
data stream to be double buffered. The size of the buffers and the controls are common for both 
buffers. 


Table 9-47 summarizes the registers used by the stream engine. 


Table 9-47. Video Stream Engine: Register Summary 














Parameter Note 

Page Table Base CR1E/CR1F (Bus master logic) 

Page Table Offset CR70/CR78 CR74/CR79 Linear address bits 11:2 
System Memory Address CR71/CR78 CR75/CR79 PCI address bits 11:2 
Source Buffer Address CR72/CR73/CR78 | CR76/CR77/CR79 | Linear address bits 21:2 
Source Buffer Address Pitch CR7A/CR7E 9-bit dword offset 
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Table 9-47. Video Stream Engine: Register Summary (cont.) 




















Parameter Note 

Target Address Pitch CR7B/CR7E 9-bit dword offset 
Target Line Width CR7C/CR7E 9-bit dword value 
Target Buffer Height CR7D/CR7E 10-bit value 
Overflow Bits, Vertical Scale CR7E 

Stream Engine Controls 





Neither the source nor the target are necessarily a contiguous block of data. Rather, each is a rect- 
angular area, characterized by a width and height (common for both buffers). Further, the source 
and target each have an individual pitch specification (common for both buffers). This is analogous 
to the source and destination areas of the BitBLT engine. 


When a transfer starts, it executes one scanline at a time. Data from the current source buffer is 
transferred until the number of dwords specified in Target Line Width are written. Then the Target 
Pitch and Source Offset (Pitch) values are added to the respective addresses and the next scan- 
line transfers. This continues until the number of scanlines specified in Target Height are written. 


Page Table Entry 


Each transfer uses a dword entry in the page table. The address of the page entry is determined 
by bits in the registers summarized in Table 9-48. Bits 10 and 11 in the page table base overlap 
bits 10 and 11 in the offset; they are added. 


Table 9-48. Page Table Entry Address 

















Frame Buffer Address Bits Buffer # 1 Buffer # 2 
21:18 CRI1F[3:0] 
17:10 CRI1E[7:0] 
11:10 CR78[7:6] CR79[7:6] 
9:2 CR70[7:0] CR74[7:0] 
1:0 (dword address) 
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Destination Buffer Address (PCI Address) 


The address of the destination (or target) buffer is determined as summarized in Table 9-49. 


Table 9-49. Destination Buffer Address 




















PCI Address Bits Buffer 1 Buffer 2 
31:12 Page Table Entry[31 :12] 
11:10 CR78[5:4] CR79[5:4] 
9:2 CR71[7:0] CR75[7:0] 
1:0 (dword address) 











Source Buffer Address (Frame Buffer) 


The address of the source buffer is determined as summarized in Table 9-50. 


Table 9-50. Source Buffer Address 

















Frame Buffer Address Bits Buffer 1 Buffer 2 
21:18 CR78[3:0] CR79[3:0] 
17:10 CR73[7:0] CR77[7:0] 
9:2 CR72[7:0] CR76[7:0] 
1:0 (dword address) 














Source Pitch 


After each scanline of data transfers to system memory, this value is added to the source buffer 
address (as it was at the beginning of the scanline transfer). This value is in CR7A with a ninth bit 
in CR7F[4]. This value is expressed in dwords. If this value is greater than the number of dwords 
of source material used for the scanline, dwords in the source buffer are skipped between scan- 
lines. 


Target Pitch 


After each scanline of data transfers to system memory, this value is added to the PCI address 
(as it was at the beginning of the scanline transfer). This value is in CR7B with a ninth bit in 
CR7F[3]. This is expressed in dwords. If this value is greater than the Target Line Width, dwords 
in system memory are skipped between scanlines. 


Target Line Width 


This is the number of dwords transferred across the PCI bus for each scanline. After this number 
of dwords transfers, the addresses for the next scanline are calculated by adding in the respective 
pitch values. This has a resolution of 16 bytes. This value is in CR7C with a ninth bit in CR7F[2]. 
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Target Height 


This is the number of scanlines transferred across the PCI bus for each frame transfer. This value 
is in CR7D with two extension bits in CR7F[1:0]. 


Vertical Scaling 


The CL-GD5480 can perform vertical scaling to store either more or fewer scanlines than the 
buffer contains. Vertical filtering is used. Table 9-51 summarizes the vertical scaling controls. 


Table 9-51. Vertical Scaling (Filtering) 























CR7E[7:5] Scaling Typically used for: 
000 Disabled 1:1 
001 1:2 - 
010 5:6 240 to 288 
011 10:6 240 to 144 
100 6:5 288 to 240 
101 12:5 288 to 120 
110 Reserved = 
111 Reserved = 




















Video Stream Engine Controls 


CR7F contains the controls for the video stream engine. This register is described in detail in 
Chapter 6. There are the normal start and reset bits. 


The transfer mode bit chooses between a single transfer using Buffer 1 and continuous transfers 
that alternate between Buffer 1 and Buffer 2. In the latter case, the transfers are synchronized to 
the V-Port capture port. 


The stream engine can be programmed to transfer a fixed dword to system memory. This is useful 
for presetting the Direct3D Z-buffer. 


The stream engine can be programmed for YUV 4:2:0 planar transfer. This directly supports the 
DirectDraw 4CC YUV12 format. 


Video Stream Synchronization 


If CR7F[3] is ‘0’, the stream engine transfers a single frame using Buffer 1, then stops. It does not 
wait for VPORT; the data to be transferred must be available in the source buffer (or GR88—GR3B) 
when the transfer is initiated. 


If CR7F[3] is ‘1’, the stream engine operates in stream mode. It transfers frames continuously, as 
they are captured by the V-Port. The stream engine always begins with Buffer 1. As each buffer is 
transferred, the appropriate Transfer Complete bit is set in CR62[3:2]. If CR7F[2] is set and the 
IRQ# pin is enabled, an interrupt request is generated. 


Copyright 1996 — Cirrus Logic Inc. 9-59 November 1996 


PROGRAMMING NOTES CL-GD5480 Technical Reference Manual 


9.11 


When CR62[3:2] is set by the stream engine, it must be cleared by a write of ‘1’ before another 
transfer can begin with that buffer. This acknowledges the transfer and allows the stream engine 
to reuse the respective buffer. 


Whenever the stream engine needs to begin a transfer and the buffer is not available, it sets 
CR62[1] to indicate an overrun. This can occur for two reasons. 


1) The buffer may not have actually transferred to system memory because the bus master logic did not 
get enough cycles on the PCI bus. 


2) The buffer may have been transferred, but the application did not acknowledge the transfer by writing 
‘1’ to the Transfer Complete bit. 


In either of these two cases, the stream engine cannot continue. It sets CR62[1] and begins count- 
ing VREFs in the Capture Overrun Count in CR62[7:5]. When CR62[1] and the respective transfer 
complete status bit(s) are cleared, Capture Overrun Count is cleared and the stream continues. 


Bus Master Protocol with Stream Engine 


For each bus master burst transfer invoked by the video stream engine, the CL-GD5480 makes 
REQ# active and waits for GNT#. Upon receiving GNT#, the CL-GD5480 resets the Latency Tim- 
ing counter from PCIOC[15:8] and begins counting PCI clocks when it asserts FRAME#. 


If there is no DEVSEL# within 6 PCI clocks, the CL-GD5480 generates a master abort. 

Once the transfer begins, the CL-GD5480 continues to transfer dwords until any of the following 
conditions are met: 

e The Bus Master Source buffer is empty (that is, the entire frame transferred) 

e A Target Abort (indicating a Target Failure) 

e The Stream Engine Start bit (CR7F[1]) is cleared 

e The Stream Engine Reset bit (CR7F[0]) is set 


e GNT# is removed and the latency timer count is reached. If this occurs, the CL-GD5480 was kicked off 
the bus and continues with a new REQ#. 


If the target generates RETRY, the CL-GD5480 stops the current cycle and, if the latency timer 
count has not been reached or if GNT# is still asserted, a new cycle beginning with FRAME# is 
initiated after a four-PCl-clock wait. 


Hardware Cursor 


The CL-GD5480 supports a hardware cursor that is compatible with CL-GD543X/’4X. The cursor 
is 32 x 32 or 64 x 64 and available in 16-color planar and all packed-pixel modes at all supported 
resolutions and refresh rates. This is a two-color (not full-color) cursor. 


The hardware cursor replaces the software mouse pointer commonly used by GUI applications. 
The hardware cursor eliminates the need for applications software to save and restore the screen 
data as the cursor position changes. The application initializes the cursor pattern(s) once, then 
only needs to update the cursor position to move the cursor on the screen. Multiple cursor images 
can be loaded into the frame buffer and selected as necessary. 


Programming examples are in Section 9.17.1 on page 9-68. 
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9.12 Synthesizer Programming 


PROGRAMMING NOTES 


The CL-GD5480 contains two built-in frequency synthesizers. One synthesizer is VCLK, which 
drives the pixel clock and display synchronization timing. The other synthesizer is SMCLK, which 
drives the display memory control state machine and the BitBLT engine. 


9.12.1 VCLK 


VCLK generates the pixel clock, which in turn generates the horizontal and vertical timing for the 
CRT. This section describes how to program the VCLK. CRTC programming is discussed in 
Section 9.14 on page 9-64. 


Sources 


The VCLK source is determined by a number of factors, as indicated in Table 9-52. 


Table 9-52. VCLK Source 





















































a sain! | carer | eee | ee | Cece 
1 0 x 00 VCLKO VCLKO 
1 0 xX 01 VCLK1 VCLK1 
1 0 X 10 VCLK2 VCLK2 
1 0) X 11 VCLK3 VCLK3 
1 1 0) XX MCLK MCLK 
1 1 1 XX MCLK +2 MCLK +2 
0 0 x 00 VCLKO DCLK pin 
1 1 X 01 VCLK1 DCLK pin 
0 1 0 Ox MCLK DCLK pin 
0 1 1 Ox MCLK +2 DCLK pin 
0 x X 1X DCLK pin DCLK pin 
Programming 


The VCLK synthesizer is controlled by one of four register pairs, selected by MISC[3:2]. Table 9-53 
shows these registers. 


Table 9-53. VCLK Programming 
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MISC[3:2] | VCLK | Numerator POnOMInaIGr Usage Note 
Post Scalar 
Nominally 25 MHz 
ue vern SRB one VGA Graphics modes 
Nominally 28 MHz 
01 VCLK1 SRC SR1IC VGA Text modes 
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Table 9-53. VCLK Programming (cont.) 








MISC[3:2] | VCLK | Numerator penom nator! Usage Note 
Post Scalar 
10 VCLK2 SRD SR1D Unused 
11 VCLK3 SRE SR1E Extended modes 























Numerator is a 7-bit integer, right justified in the corresponding register. Denominator is a 7-bit 
integer, scaled at bit position 1 in the corresponding register. PostScalar is a single bit at bit posi- 
tion 0 in the corresponding register. The values programmed into the active register pair control 
the VCLK synthesizer, according to the appropriate formula. Reference is nominally 14.31818 
MHz. 


Postscalar = 0 


VCLK = Reference +( POE } 


Denominator 
Equation 9-8 


Postscalar = 1 


VCLK = Reference #( DERATOY } 


Denominator @ 2 


Equation 9-9 


The Cirrus Logic BIOS programs VCLK when a display mode is set. If the Cirrus Logic BIOS can- 
not be used or if a mode not available in the BIOS must be programmed, the following approach 
can be used for selecting a numerator/denominator combination. 


A spread sheet is available from Cirrus Logic that evaluates every combination of numerator and 
denominator. This can be used as a starting point. Typically, a large number of numerator/denom- 
inator combinations evaluate to the desired frequency. Best results are obtained by selecting val- 
ues near the center of their respective ranges and if the postscalar is programmed to ‘1’, especially 
at lower frequencies. After these criteria have been used to sort through potential combinations, 
the final selection is made empirically. 


For pixel frequencies above ~135 MHz, program VCLK to one-half the desired pixel frequency. 
The clock is then multiplied by two in the color palette (GR18[5]). This is only for 8-bpp LUT and 
15- or 16-bpp RGB display modes. 


9.12.1.1  SMCLK as VCLK 


If the SMCLK and VCLK are programmed to frequencies close to each other (within ~1%) or to 
frequencies that are nearly multiples of each other, they can interfere with each other. This can 
show up as screen ‘jitter’. The solution is to shut down the VCLK synthesizer and use SMCLK (or 
SMCLK + 2) as VCLK. This is selected by programming SR1F[6] to ‘1’. This function is currently 
not used by the Cirrus Logic BIOS. 
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9.13 


9.13.1 








SMCLK Programming 


SMCLK is directly programmed by writing the value into SR1F[7] and SR1F[5:0] that most nearly 
corresponds to the desired frequency. 


SMCLK = SR1Fe (a) Equation 9-10 


Table 9-54 shows representative examples, assuming a reference frequency of 14.31818 MHz. 
Refer to Appendix B3, “Memory Configurations”, to see how SMCLK relates to DRAM speed. 


Table 9-54. SMCLK Programming 








SR1F[5:0] (decimal) | SR1F[5:0] (hex) | SMCLK Frequency 








37 66.2 MHz 





46 2E 82.3 MHz 





56 38 100.2 MHz 

















Power Management 


Introduction 


The CL-GD5480 features comprehensive PC power-management functions that support compli- 
ance with the United States Environmental Protection Agency’s Energy Star Computer Program. 
The Energy Star Program is a voluntary program promoting energy-efficient technology for desk- 
top computers. Compliance with the Energy Star Program is a qualification for federal government 
purchases of computers, monitors, and printers. 


The best way to program the power-management functions is to use the VESA VBE/PM BIOS 
functions. These functions are used by the screen saver provided with the Cirrus Logic Windows 
drivers. Register programming should be used only if the Cirrus Logic BIOS is not available. 


9.13.2 Register Bits 


Four bits in register GRE are for power management. These are shown in Table 9-55. Refer to 
Section 8.24 on page 8-31. Note that none of these bits turn off display memory refresh. 


Table 9-55. GRE Power Management Bits 





GRE Bit Function 






Used with GRE[3] 





GRE[4] System Level Power Management 





GRE[3] | Static Clock Mode 





GRE[2] | Static VSYNC Powers down DAC 





GRE[1] | Static HSYNC Powers down DAC 
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The following programming procedures must be used for GRE[4] and GRE[3]. 
1) Power down 
a) Set GRE [4] to ‘1’. GRE [3] must be ‘0’. 
b) Ensure interrupts are disabled (CLI). 
c) Wait for two ‘0’-to-‘1’ transitions of Display Enable (3DAh [0)). 
d) Interrupts can be enabled if appropriate. 
e) Set GRE [3] to ‘1’. 
2) Power up 
a) Set GRE [3] to ‘1’. GRE [4] must be ‘1’. 
b) Set GRE [4] to ‘0’. 
c) Ensure interrupts are disabled (CLI). 
d) Wait for two ‘0’-to-‘1’ transitions of Display Enable (3DAh [0)). 
e) Interrupts can be enabled if appropriate. 


9.14 CRTC Programming 


The following sections discuss programming the registers in the CRTC. These registers control 
video timing. 


9.14.1. VESA® Timing Specifications 


The video display for most modes is defined in VESA Monitor Timing specifications. Wherever 
possible, Cirrus Logic devices use VESA timing. Table 9-56 indicates the VESA resolutions and 
refresh rates as of May 1995. 


NOTE: The notations used in Table 9-56 do not necessarily mean that Cirrus Logic BIOS supports the 
corresponding specification. This table is for reference only. 


Table 9-56. VESA® Monitor Timing Specifications 


Refresh x Resolution | Interlaced 56 


640 x 350 
640 x 400 
640 x 480 
800 x 600 
1024 x 768 
1152 x 864 
1280 x 960 
1280 x 1024 
1600 x 1200 



























































a |S indicates industry standard. 

b VP indicates VESA proposal. 

¢ VO indicates obsolete VESA standard. 

d VS indicates current VESA standard. 

€ GFT indicates VESA generalize timing formula. 


November 1996 9-64 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual PROGRAMMING NOTES 


9.14.2 CRTC Timing 


Figure 9-20 can be used as aid to understanding how CRTC timing is generated. There are two 
sets of timing, horizontal and vertical, combined produce an orthogonal raster. The timings are 
generated in a similar manner to each other. 


Horizontal timing is generated by counting character clocks (this term is left over from character 
graphics; for Packed-Pixel Graphics modes, it means the pixel clock divided by eight). Vertical tim- 
ing is generated by counting scanlines. 


Each counter counts from zero to its maximum value, then resets to zero and starts over. The zero 
value of the horizontal counter corresponds to the first (left-most) pixel of active video (not the bor- 
der, if any). The zero value of the vertical counter corresponds to the top scanline of active video. 


Also refer to Figure 4-1 on page 4-24 for a detailed diagram of the CRTC Timing registers. 


TOTAL 










DISPLAY END 


ACTIVE VIDEO 





j~«—_________ SYNC END 


<q SYNC START 





SYNC 





j~—<—————_ BLANK END > 







j~<______— BLANK START 





BORDER 





FRONT PORCH 





BACK 
PORCH 


Figure 9-20. CRTC Timing 


As each counter increases from zero, counting either pixels or scanlines, it arrives at the values 
programmed for the various events in the raster. These are shown in table 9-57. Many of the val- 
ues do not fit into a single 8-bit register. The extensions, assigned either as part of the VGA spec- 
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ification or by Cirrus Logic, are all presented in Table 4-3 on page 4-25. For Sync End and Blank 
End, in both horizontal and vertical, the compare is for fewer than the total number of bits in the 
respective counter. This results in limitations on the width of the sync pulses and the blanking peri- 
ods. 


Table 9-57. CRTC Registers 

















Event Horizontal | Vertical | Next Period 

Display End CR1 CR12 Border or front porch 
Blank Start CR2 CR15 Front porch 

Sync Start CR4 CR10 Sync 

Sync End CR5 CR11 Back porch 

Blank End CR3 CR16 Border or active video 
iota! CRY ne eae or frame) 























Figure 9-20 on page 9-65 shows the border timing. If no border is used, Blank starts and ends 
with active video. 


9.14.3. Non-Standard Timing Parameters 


The VESA standards, referenced in Section 9.14.1, provide precise timing details for standard 
monitors using standard resolutions. There are two situations where the standard values cannot 
be used. It may be necessary to program a non-standard resolution or refresh rate, or program a 
standard resolution for a non-standard monitor. 


The programmer can use the following general approach. First, decide on the horizontal timing. If 
the monitor manufacturer cannot provide guidelines for Horizontal Total and Blank Timing, select 
another monitor. 


Horizontal Active Time = (Horizontal Total — Horizontal Blanking) Equation 9-11 


Horizontal Active Time can be calculated by subtracting the Horizontal Blanking from the Horizon- 
tal Total. Dividing Horizontal Active by the number of pixels per scanline yields the pixel time. The 
pixel frequency is the reciprocal of the pixel time. 


Horizontal Active 


Pixel Ti = 
eeeamee Pixels/Scanline 


Equation 9-12 


1 
——— 
Me Pixel Time 


Equation 9-13 
The VCLK synthesizer can be programmed using one of the above equations. For most frequen- 
cies, a number of solutions yield the desired frequency. In general, the best results are obtained 
by selecting a solution with both the numerator and denominator in the middle of their respective 
ranges. Use the post scalar for frequencies below ~30 or 40 MHz. If the pixel clock is above ~135 
MHz, clock doubling must be used. 
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9.15 


9.16 


9.16.1 


9.16.2 


The horizontal counter counts with a resolution of 8 pixels. All horizontal timing is in terms of this 
counter. The Horizontal Display End and Horizontal Total values are determined by the pixels-per- 
scanline and horizontal period, respectively. 


If no horizontal border is used, program Horizontal Blank Start to correspond to Horizontal Display 
End; program Horizontal Blank End to correspond to Horizontal Total. If a horizontal border is 
used, Horizontal Blank Start follows Horizontal Display End and Horizontal Blank End occurs 
before Horizontal Total. The differences are the desired border width. 


Next program the HSYNC pulse. The HSYNC pulse generally begins near the start of horizontal 
blanking (Horizontal Blank Start). The polarity of the HSYNC pulse is programmed in the MISC 
register. Typically, the HSYNC width is not important; most monitors require only the leading edge. 
The position of the HSYNC pulse can be adjusted to position the active video on the monitor. Hav- 
ing the HSYNC pulse start earlier moves the video to the left. 


The vertical parameters are selected in the same way, except in terms of scanlines. 


Chip Identification 


If a Cirrus Logic BIOS is available, the correct way to identify the CL-GD5480 is to execute the 
extended BIOS call, Inquire VGA Type (see Appendix C3, “BIOS Extensions”). This call returns 
the value ‘39h’ for the CL-GD5480. If a Cirrus Logic BIOS is not available, read the 
VENDOR/DEVICE ID in register PCIOO. The CL-GD5480 returns the value ‘101300BCh’. 


The CL-GD5480 also implements registers SR6 and CR27, as do all Cirrus Logic desktop con- 
trollers (for compatibility). 


CL-GD5480 Interrupt System 


External Interrupt Pin 


If no pull-down resistor is installed on GPIOD3, PCI3C[8] is ‘0’ and no PCI interrupt is claimed. 
This is a permanent condition. Until the CL-GD5480 configuration is changed by installing a pull- 
down resistor on GPIODS, no interrupt request is generated. 


If a pull-down resistor is installed on GPIOD3, PCI3C[8] is ‘1’. In this case, an interrupt request 
drives INTA# active (low), if GR17[2] is ‘1’. INTA# remains active until the condition(s) are reset. If 
GR17[2] is ‘0’, INTA# is never driven active. 


Internal Interrupt Requests 


Register CR62 determines the source(s) of an interrupt request. An application can check register 
CR62 for interrupt requests. Once the interrupt service routine has handled the condition, it can 
clear the request by a write of ‘1’ to the appropriate bit. Table 9-58 summarizes these conditions. 


Table 9-58. Interrupt Conditions 











Condition CR62 Bit | Where Enabled 
| BitBLT complete = ~~~—~*| ~CR62(4] | GR3Ot] | 
Stream engine transfer complete CR62[3:2] CR7F[2] 
Stream engine overrun CR62[1] CR7F[2] 
VPORT VREF CR62[0] CR3F[1] 
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The CL-GD5480 also supports the CL-GD5446 interrupt scheme. This is retained only for com- 
patibility, as summarized in Table 9-59. 


Table 9-59. VGA/V-Port™ Interrupt 

















Function VGA V-Port™ 
CR8F[5] 0 1 
Pending Status FEAT[7] GR17[4] 
Enable Interrupt CR11[4] CR3F[1] 
Clear Interrupt CR11[5] CR8F[1] 

















9.17 Programming Examples 


9.17.1 HW Cursor Example 


// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 


KEKE KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KKK KK 


HWC_XMPL.CPP 





THIS FILE CONTAINS THE PATTERN FOR THE HARDWARE CURSOR TESTS. 
THE CURSOR PATTERN IS THE CIRRUS LOGIC LOGO. 





r 
I 





r 








r 

















Tr 

































































DATA: 

_ 64x64 _hw_cursor[] —--— USER-MODIFIABLE TABLE OF CURSOR 

_ 64x64 planes_O_1[] -- DISPLAY MEMORY-READY DATA FOR CURSOR PLANE 0 
THE DATA IN _64x64_hw_cursor[] IS CODED THE FOLLOWING INTEGERS 

0 == TRANSPARENT DISPLAY BACKGROUND IS NOT CHANGED 

1 == INVERTED DISPLAY BACKGROUND IS INVERTED 

2 == BLACK INTERNAL PALETTE DAC EXTRA LUT OOH 

3 == BLUE INTERNAL PALETTE DAC EXTRA LUT FFH 


























KEKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKK 


#include <stdio.h> 
#include <stdlib.h> 


#include <dos.h> 


#include <conio.h> 


unsigned char _64x64_planes_0_1[1024]; 


unsigned char _32x32_planes_0_1[256]; 


char _32x32_ hw_cursor[1024] = 


{ 
// 
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// 


hi 


01234567890123456789012345678901 
SQILDZDPD DOP DIIPDIDIAQDQIP PDI PIDI2ZD DE 
222222222 2222222222 2222222222222" 
“22000000000000000000000000000022” 
“22000000000000000000000000000022” 
“22003333333333333333333333330022” 
“22003333333333333333333333330022” 
“22003300000000000000000000330022” 
“22003300000000000000000000330022” 
“22003300222222222222222200330022” 
“22003300222222222222222200330022” 
“22003300220000000000002200330022” 
“22003300220000000000002200330022” 
“22003300220033333333002200330022” 
“22003300220033333333002200330022” 
“22003300220033111133002200330022” 
“22003300220033111133002200330022” 
“22003300220033111133002200330022” 
“22003300220033111133002200330022” 
“22003300220033333333002200330022” 
“22003300220033333333002200330022” 
“22003300220000000000002200330022” 
“22003300220000000000002200330022” 
“22003300222222222222222200330022” 
“22003300222222222222222200330022” 
“22003300000000000000000000330022” 
“22003300000000000000000000330022” 
“22003333333333333333333333330022” 
“22003333333333333333333333330022” 
“22000000000000000000000000000022” 
“22000000000000000000000000000022” 
MQOALZQZA2ZQ22290 2202902902222 2209202222" 
SQOIDQ2ZA2L2 222 I2ZIDIDLZIIQIDPDPDIADI2ALI 2? 
// _32x32_hw_cursor[] 


char _64x64_hw_cursor[4096] = 


{ 
// 
// 


1 2 3 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 


// 
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0 


2 


4 


10 


12 


14 


16 


18 


20 


22 


24 


26 


28 


30 


4 2 6 


0123456789012345678901234567890123456789012345678901234567890123 
22222222 2222222222222 222222222222 222222222222 2222222 222222222" 
S22222222222 222222222 222222202222 2229 222222222222 2222222202922 22222" 
“2200000000000000000000000000000000000000000000000000000000000022” 
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“2200000000000000000000000000000000000000000000000000000000000022” 
*2200333333333333333333333333333333333333333333333333333333330022”" 
"2.2:00'33:333:3 333333333333 333333333333 3333 333:33333333333333333330022" 
“2200330000000000000000000000000000000000000000000000000000330022” 
“2200330000000000000000000000000000000000000000000000000000330022” 
2200330022222 22222222 2222 222222222222 222222222222222222200330022" 
“2200330022222 2222 222222222222 222222222222 22222222222222200330022" 
“2200330022000000000000000000000000000000000000000000002200330022” 
“2200330022000000000000000000000000000000000000000000002200330022” 
*2200330022003333333333333333333333333333333333333333002200330022” 
*2200330022003333333333333333333333333333333333333333002200330022” 
“2200330022003300000000000000000000000000000000000033002200330022” 
“2200330022003300000000000000000000000000000000000033002200330022” 
“2200330022003300222222222222222222222222222222220033002200330022” 
“2200330022003300222222222222222222222222222222220033002200330022” 
“2200330022003300220000000000000000000000000000220033002200330022” 
“2200330022003300220000000000000000000000000000220033002200330022” 
“2200330022003300220033333333333333333333333300220033002200330022” 
“2200330022003300220033333333333333333333333300220033002200330022” 
“2200330022003300220033000000000000000000003300220033002200330022” 
“2200330022003300220033000000000000000000003300220033002200330022” 
“2200330022003300220033002222222222222222003300220033002200330022” 
“2200330022003300220033002222222222222222003300220033002200330022” 
“2200330022003300220033002200000000000022003300220033002200330022” 
“2200330022003300220033002200000000000022003300220033002200330022” 
“2200330022003300220033002200333333330022003300220033002200330022” 
“2200330022003300220033002200333333330022003300220033002200330022” 
“2200330022003300220033002200331111330022003300220033002200330022” 
“2200330022003300220033002200331111330022003300220033002200330022” 
“2200330022003300220033002200331111330022003300220033002200330022” 
“2200330022003300220033002200331111330022003300220033002200330022” 
“2200330022003300220033002200333333330022003300220033002200330022” 
“2200330022003300220033002200333333330022003300220033002200330022” 
“2200330022003300220033002200000000000022003300220033002200330022” 
“2200330022003300220033002200000000000022003300220033002200330022” 
“2200330022003300220033002222222222222222003300220033002200330022” 
“2200330022003300220033002222222222222222003300220033002200330022” 
“2200330022003300220033000000000000000000003300220033002200330022” 
“2200330022003300220033000000000000000000003300220033002200330022” 
“2200330022003300220033333333333333333333333300220033002200330022” 
“2200330022003300220033333333333333333333333300220033002200330022” 
“2200330022003300220000000000000000000000000000220033002200330022” 
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hi 


// 
// 
// 


“2200330022003300220000000000000000000000000000220033002200330022” 
“2200330022003300222222222222222222222222222222220033002200330022"” 
“2200330022003300222222222222222222222222222222220033002200330022"” 

“2200330022003300000000000000000000000000000000000033002200330022” 

*“2200330022003300000000000000000000000000000000000033002200330022” 

*2200330022003333333333333333333333333333333333333333002200330022" 

*2200330022003333333333333333333333333333333333333333002200330022”" 

“2200330022000000000000000000000000000000000000000000002200330022” 

“2200330022000000000000000000000000000000000000000000002200330022” 

%220033002222222 222222222 2222222222222222222222222222222200330022"” 

“22003 30022222222222 222222220 222222222222 22222 22222222222200330022" 

*“2200330000000000000000000000000000000000000000000000000000330022” 

“2200330000000000000000000000000000000000000000000000000000330022” 

“220.03 333333333333333333333333333333333333333333333333333333300227 

*2200333333333333333333333333333333333333333333333333333333330022" 

“2200000000000000000000000000000000000000000000000000000000000022” 

“2200000000000000000000000000000000000000000000000000000000000022” 
SD DA2ZLZIZ2A2P DIA 2ZLIDIDDID IAP DLP PAP IZDIPDILDIADAQPQPPDDIPDD IP DIPLO DIQIPDDIPPDDI2 224 
222222222222 2222222222222 2222222222222 2222222222222 2222222222222" 
// _64x64_hw_cursor[] 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 





INITIALIZE SINGLE PAGE 16K GRANULARITY MODE. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 

















void SP_16K_Init( void ) 


{ 


hi 


// 
// 
// 


unsigned char grb; 


outportb( Ox3ce, Ox0b ); 

grb = inportb( Ox3cf ); 

grb |= 0x20; // GRB[5] <-- 1 
grb &= ~0x01; // GRB[O] <-- 0 
outporthb( Ox3cf, grb ); 

// SP_16K_Init () 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


S 





ET GR9 OFFSET REGISTER IN SINGLE PAGE 16K GRANULARITY MODE 





























KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


unsigned int SP_16K_Set_Offset_Reg( unsigned long address ) 


{ 


unsigned char gr9_value; 


unsigned int ret_val; 
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hi 


ret_val = (unsigned int) (address & Ox0000ffffUL); 


address &= OxffffO000UL; 

address >>= 16; 

gr9_value = (unsigned char) address; 
gr9_value <<= 2; 

outportb( Ox3ce, 0x09 ); 

outportb( Ox3cf, gr9_value ); 

return ret_val; 

// SP_16K_Set () 


df. KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKK 


// INITIALIZE CURSOR PLANES 0 AND 1. 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKK 








void Cursor_Plane_Init( char* map, unsigned char* plane, int number_of_bytes ) 


{ 


November 1996 


unsigned char mask; 
int bit, byte; 
int i = 0; 


unsigned char* plane_0 éplane[0]; 


unsigned char* plane_l &éplane[number_of_bytes]; 


for ( byte = 0; byte < number_of_bytes; bytet+ ) 
{ 


ll 
o 
~ 


plane_O[byte] 


ll 
oO 
~ 


plane_1i [byte] 


mask = 0x80; 


for ( bit = 0; bit < 8; bitt++, mask >>= 1, it+ ) 
{ 


if ( map[i] == ‘1’ ) 
{ 

plane_O[byte] |= mask; 
} 
else if ( map[i] == ‘2’ ) 
{ 

plane_l[byte] |= mask; 
} 
else if ( map[i] == ‘3’ ) 


{ 
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plane_O[byte] |= mask; 


plane_l[byte] |= mask; 


} 


hi // Cursor_Plane_Init() 
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// KKKKKKKKKKKKKKKKKKKKKKKKK KK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 





r 


OF HARDWARE 





r 


// SET X, Y COORDINATE 


// KKKKKKKKKKKKKKKKKK 





void Cursor_Set_XY( i 


{ 


nt x, int y ) 
x. <<=. 57 

|= 0x0010; 
Ox3c4, 


x 


outport ( x )F 
y <<= 5; 

|= 0x0011; 
Ox3c4, y 


// Cursor_Set_XY() 


y 
outport ( ); 
hi 
$7 KKKKKKKKK KKK KKK KKK KKK KKK KKK KKKKKKKK 
// 


// 








SET EXTEND 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 














void Cursor_Set_Color( unsigned long background, 


{ 


unsigned char srl12; 














ED DAC COLORS FOR HARDWARE 


CURSOR. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


r 





CURSOR. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


unsigned long foreground ) 






































unsigned char b_red, b_green, b_blue; 
unsigned char f_red, f_green, f_blue; 
b_red = (unsigned char) (background & Ox000000ffUL); 
b_green = (unsigned char) ((background & Ox0000ff00UL) >> 8); 
b_blue = (unsigned char) ((background & Ox00ff0000UL) >> 16); 
f_red = (unsigned char) (foreground & Ox000000ffUL) ; 
f_green = (unsigned char) ((foreground & Ox0000ff00UL) >> 8); 
f_ blue = (unsigned char) ((foreground & Ox00ff0000UL) >> 16); 
// SR12[1] ENABLE ACCESS TO DAC EXTENDED COLORS 
outportb( 0x3c4, 0x12 ); // SR12 
srl2 = inportb( 0x3c5 ) | 0x82; // READ AND SET SR12[1] 
outportb( 0x3c5, srl2 ); // WRITE NEW VALUE 
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// WRITE BACKGROUND 
outporthb( 0x3c8, 0x00 ); 
outportb( 0x3c9, b_red ); 
outportb( 0x3c9, b_green ); 
outporthb( 0x3c9, b_blue ); 
// WRITE FOREGROUND 
outportb( 0x3c8, Ox0f ); 
outportb( 0x3c9, f_red ); 
outportb( 0x3c9, f_green ); 
outporthb( 0x3c9, f_blue ); 
// SR12[1] DISABLE ACCESS TO DAC 
outporthb( 0x3c4, 0x12 ); 
srl2 = inportb( 0x3c5 ) & ~0x82; 
outportb( 0x3c5, srl2 ); 

} // Cursor_Set_Color() 

// 

// ENABLE 64 X 64 HARDWARE CURSOR. 

// 

void _64x64_Cursor_Enable( void ) 

{ 


unsigned char sr12; 


outporthb( 0x3c4, 0x12 ); 
srl2 = inportb( 0x3c5 ) | 0x05; 
outporthb( 0x3c5, srl2 ); 


// _64x64_Cursor_] 





}; Enable () 
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EXT 


ENDED COLORS 








ff Ss 
// R 
// W 


EAD AN 


R12 
D SET S$ 
EW VALU! 





R12[1] 











[7] 
[7] 


RIT] 








KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKK 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


// DISABLE 





r 


64 X 64 HARDWARE 





CURSOR 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


void _64x64_ Cursor_Disable( void ) 
{ 
unsigned char srl12; 
outporthb( 0x3c4, 0x12 ); 
srl2 = inportb( 0x3c5 ) | 0x04; 
srl12 &= Oxfe; 
outportb( 0x3c5, srl2 ); 
November 1996 9-74 
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hi 


// _64x64_Cursor_ Disable () 


// KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


// SI 








ET PREVIOUSLY LOADED PATTERN FOR 64 X 64 HARDWARE CURSOR. 








r 





f/f KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





void _64x64_Cursor_Set_Pattern( int pattern_number ) 


{ 


hi 


unsigned char sr13 = (unsigned char) pattern_number << 2; 


outportb( 0x3c4, 0x13 ); 
outportb( 0x3c5, srl3 ); 
// _64x64_Cursor_Set_Pattern () 


Hef: KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 


// LOAD 64X64 HARDWARE CURSOR PATTERN 0 IN 8 BPP MODE. 





// LOAD 8 BYTES FROM PLANE 0 TO TO DISPLAY MEMORY, 





GI 




















// FOLLOWED BY 8 BYTES FROM PLANE 1 UNTIL THE PATTERN IS COPIED. 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


r 
r 

















void _64x64_ Patterns_Load( unsigned char far* pattern ) 


{ 


hi 


unsigned int di, 1, b; 





unsigned long pattern_address = 0x200000UL - 0x4000UL; // 2 MB DISPLAY MEM 


unsigned char far* mem_ptr = (unsigned char far*) MK_FP( 0xa000, 0 ); 
unsigned char far* planel_ptr = pattern; 


unsigned char far* plane2_ptr = pattern + 512; 
di = SP_16K_Set_Offset_Reg( pattern_address ); 
for (1= 0; 1 < 64; 1++ ) 


{ 


for ( 


a 
ll 


0; b < 8; btt+ ) mem_ptr[ditt] *planel_ptrt++; 


oa 
ll 


for ( O; b < 8; bt+ ) mem_ptr[di++] = *plane2_ptr+t; 


// _64x64_Patterns_Load() 


f/f KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 








// ENABLE 32 X 32 HARDWARE CURSOR. 








// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





void _32x32_Cursor_Enable( void ) 


{ 


Copyright 1996 — Cirrus Logic Inc. 9-75 November 1996 


PROGRAMMING NOTES 


unsigned char srl12; 


outporthb( 0x3c4, 0x12 ); 
srl2 = inportb( 0x3c5 ) | 
sr12 &= ~0x04; 

outportb( 0x3c5, srl2 ); 


iy // _32x32_Cursor_] 





Enable () 


// KKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKK 


= 
py 


7] 


// DISABLE 32 X 32 HARDWARE CURSOR 


ffi KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


) 





r 





py 


void _32x32_Cursor_Disable( void 


{ 


unsigned char sr12; 


0x12 
Ox3c5 


outporth ( 
sr12 
sr12 &= ~0x01; 

Ox3c5, 


Ox3c4, 
inportb ( 


Ve 
); 


outporth ( sril2-); 


hy // _32x32_Cursor_Disable() 


fey KKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
// 
// 
// 
// 
void _32x32_Patterns_Load( unsig 
{ 


a 
bi 


LOAD 32X32 HARDWA 
LOAD 8 BYTES FROM PLAN 
FOLLOWED BY 8 BYTES FROM PLAN 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


RE CURSOR PATT 


E 0 TO TO 


a 
= 
G 


py 

















x* 





ne 


unsigned int di, 1; 


unsigned long pattern_address 


unsigned char far* mem_ptr 


unsigned char far* plane_p 


di 


SP_16K_Set_oOffset_Reg 


for 1 ++ 


( O; 1 < 256; 


‘7 // 32x32 Patterns Load () 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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Ox01; 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





GI 


ERN O IN 8 BPP MODE. 
DISPLAY MEMORY, 


1 UNTIL THE PATTERN IS COPI 


KKKKKKKKKKKKKKKKKK 











ED 
ED. 


KKKKKKKKKKKKKKKKKKKKKKKKK 


) 








d char far* pattern 





Ox200000UL — 0x4000UL; // 2 MB DISPLAY M 


MK_FP( 0xa000, 0 


(unsigned char far*) 


tek 


pattern; 


( pattern_address ); 


) mem_ptr[ditt] *plane_ptrt+t; 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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// SET PREVIOUSLY LOADED PATTERN FOR 32 X 32 HARDWARE 
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CURSOR. 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





void _32x32_Cursor_Set_Pattern ( 
{ 


unsigned char sr1l3 = (unsigned char) 











int pattern_number ) 


pattern_number; 




















outportb( 0x3c4, 0x13 ); 
outportb( 0x3c5, srl3 ); 
hi // _32x32_Cursor_Set_Pattern() 
// KKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
// INITIALIZE, LOAD, AND DISPLAY 32 X 32 AND 64 X 64 HARDWARE CURSORS. 
// CHANGE COLORS AND LOCATION. 
EJ KKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
void main( void ) 
{ 
asm mov ax, Ox005f 
asm int 0x10 // SET MODE 5F -- 640X480X8 GRAPHICS MODE 
Cursor_Plane_Init( _64x64_hw_cursor, _64x64_planes_0O_1, 512 ); 
Cursor_Plane_Init( _32x32_hw_cursor, _32x32_planes_0_1, 128 ); 


SP_16K_Init(); 


// INITIALIZE 





Cursor_Set_XY( 0, 0 ); 


_ 64x64 Cursor_Enable(); 














delay( 1000 ); 

// CHANGE COLOR OF 64 X 64 HARDWARE 
Cursor_Set_Color( 0x0000003fUL, 
delay( 1000 ); 

Cursor_Set_Color( 0x00003f00UL, 
delay( 1000 ); 

Cursor_Set_Color( 0x0000003fUL, 
delay( 1000 ); 


// INITIALIZE 
_32x32_Patterns_Load( _32x32_planes_0_1 
Cursor_Set_XY( 0, 0 ); 
_32x32_Cursor_Enable(); 
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// INITIALIZE 


AND DISPLAY 64 X 64 HARDWARE 
_ 64x64 Patterns_Load( _64x64_planes_0_1 


AND DISPLAY 32 X 32 HARDWARE 


r 





GRAPHICS MEMORY MOD 








GI 





CURSOR 
i 


CURSOR 
OxO0003£00UL ); 


OxO003f0000UL ); 





OxO003f0000UL ); 





CURSOR 
i 
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delay( 1000 ); 


// CHANGE LOCATION OF 32 X 32 HARDWARE CURSOR 
for ( int y = 0; y < 480; yt+ ) 
{ 

Cursor_Set_XY¥( y, y ); 

delay( 10 ); 


Tr 





r 





asm mov ax, 0x0003 
asm int 0x10 // SET MOD 
}; // main() 


[J 


3 -- 80X25 TEXT MOD 








GI 











9.17.2 PCI Configuration Register Access 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PCI_XMPL.CPP 
// 
// THIS SAMPLE PROGRAM DEMONSTRATES THE MS-DOS INT 1AH INTERFAC! 





[7] 











TO 


























// THE PCI BUS CONFIGURATION REGISTERS. 
// 
// USE OF THE INT 1AH INTERFACE, WHICH IS PART OF THE PCI CHIPSET BIOS, IS 





























// HIGHLY RECOMMENDED, DUE TO POSSIBLE ALTERNATE IMPLEMENTATIONS 
// IN PCI CHIPSETS. 


ff KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


Tr 




















GI 


WITH 486 EXTENSIONS 
ASSEMBLY MODULE BEFORE COMPIL 


#pragma option -4 // COMPIL 
#pragma inline // PRODUCE 


#include <stdio.h> 























r 











GI 











// GLOBAL VARIABLES 





unsigned char bus_number; 

unsigned char function_device; 
unsigned char byte_config_regs[256]; 
unsigned int word_config_regs[128]; 


unsigned long dword_config_regs[64]; 


dye KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 








// THIS IS THE FIRST PCI BIOS SUBFUNCTION THAT SHOULD BE CALLED. 
// IT DETERMINES WHETHER THE PCI BIOS IS PRESENT AND PROVIDES INFORMATION 
// ABOUT THE REVISION OF THE PCI BIOS. 


fiji KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

















ri 





























[J 
zr, 











void PCI_Get_BIOS_Present_Status( void ) 
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unsigned char ret_val, 


unsigned char 














major_version, 


hw_mech, 


PROGRAMMING NOTES 


last_pci_bus; 


minor_version; 



































Char 6; Cy: Lt, Gq? 
unsigned int present = 1; 
unsigned int bios_support = 0; 
asm{ 
mov ah, Oblh 
mov al, Olh 
int Olah // GET PCI BIOS PRESENT STATUS 
jne all 
mov word ptr [present], 0 
} 
all: 
asm{ 
mov ret_val], ah // SAVE PARAMETERS FOR PRINTING 
mov hw_mech], al 
mov major_version], bh 
mov minor_version], bl 
mov last_pci_bus], cl 
mov pl, dl // STORE EDX IN P, C, I, Q 
mov c], dh 
shr edx, 16 
mov aig? abl 
mov q], dh 
} 
printf ( “Return Code d\n", int( ret_val ) ); 
printf ( “Hardware Mechanism: %x\n”, int( hw_mech ) ); 
printf( “Major Version # sx\n”, int( major_version ) ); 
printf( “Minor Version # Sx\n", int( minor_version ) ); 
printf( “Last PCI bus sd\n”, int( last_pci_bus ) ); 
printf( “Signature SCSCSESCNN = Pe Se Ap IS 
printf( “Services Present s\n", (present == 1) ? “Not Present” 
“Present” ); 
// SEE IF EDX RETURNED ‘P’, ‘C’, & ‘I’ 
if ( p == ‘PR’ && c == °C’ &E i == XI’ ) 
{ 
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if ( ret_val == 0 || present == 
else 

} 

printf( “PCI BIOS $s\n", 


Supported” 


hi 


i 


// PCI_Get_BIOS_Present_Status() 
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or) 


bios_support 


bios_support 


(bios_support) ? “Suported” “Not 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// THIS S 
// D 





UBFUNCTION RETURNS THE 
EVICE_NUMBI 








= 
ry 














NEED 











R, BUS_NUMBER, F 








ED PCI BIOS PARAM 
UNCTION_DEVICE, 


ETERS: 
AND FUNCTION_NUMBER 























// KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKAKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


void PCI_Find_Device ( 


{ 





void ) 






























































unsigned char device_number, function_number, ret_val; 
unsigned int vga_controller, pci_device_id, error = 0; 
// USE CIRRUS LOGIC EXTENDED VGA BIOS TO DETERMINE VGA CONTROLLER 
asm{ 

mov ah, 12h // FUNCTION 

mov bl, 80h // SUBFUNCTION 

int 10h // VGA BIOS 

mov [vga_controller], ax // SAVE VGA_CONTROLLER ID 
} 
// ASSIGN PCI_DEVICE_ID, BASED ON EXTENDED VGA BIOS CALL 
switch ( vga_controller ) 
{ 

case 0x32 pci_device_id = 0x00a0; break; 

case 0x31 

case 0x33 pci_device_id = 0x00a8; break; 

case 0x36 pci_device_id = 0x00ac; break; 

case 0x35 pci_device_id = 0x00a0; break; 

default pci_device_id = 0x00a0; break; 


// CALL PCI 


asm{ 
mov ah, 
mov al, 
mov CX; 
mov dx, 


November 1996 


CHIPSET BIOS TO 





FIND DEVICE 


Oxbl1 if 
0x02 // 
[pci_device_id] // 
Ox1013 // 

9-80 


PCL. 
PCI 
PCI 
PCI 











BIOS FUNCTION 
BIOS SUBFUNCTION 
DEVICE ID 

VENDOR ID -- 











01013H CIRRUS LOGIC 
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mov si;: 20 
int Oxla 
jne FPD_all 












































mov word ptr [error], 1 
} 
FPD_all: 
asm{ 
mov [ret_val], ah 
mov [bus_number], bh // SAVE BUS_NUMBER 
mov ely bl 
mov [function_device], bl // THIS IS THE ONE TO SAVE 
and bl, 0x07 
mov [function_number], bl // BREAK DOWN THE FUNCTION/DEVICE FIELDS 
shr Clipo3 
mov [device_number], cl 
} 
// PRINT OUT RESULTS 
printf( “Find PCI Device ee 
if ( error == 1 ) 
{ 
printf( “Could not find device\n” ); 
} 
else 
{ 
switch ( ret_val ) 
{ 
case 0x00 : printf( “Successful\n” ); break; 
case 0x83 : printf( “Bad Vendor ID\n” ); break; 
case 0x86 : printf( “Device not found\n” ); break; 
} 
printf( “Bus number : &x\n"”, int( bus_number )); 
printf( “Function Number : &x\n"”, int( function_number )); 
printf( “Device Number : x\n"”, int( device_number ) ); 
} 
}; // PCI_Find_Device () 


fe], KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 








// PERFORM 32 BIT READ OF PCI CONFIGURATION REGISTER. 
// REGISTER MUST BE A MULTIPLE OF 4. ( 0, 4, 8, C, E, 10, 14... ) 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 








T 























unsigned long PCI_DWord_Read_Config_Reg( int reg ) 
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{ 
unsigned long ret_val; 
asm{ 
mov ah, Oxbl // BIOS FUNCTION : PCI 
mov al, Ox0a // BIOS SUBFUNCTION : READ DWORD 
mov bh, [bus_number] // PCI BUS NUMBER 
mov bl, [function_device] // DEVICE[7:3] FUNCTION[2:0] 
mov di, [reg] // REGISTER TO READ 
int Oxla // VALUE COMES BACK IN ECX 
mov [ret_val], ecx // SAVE RETURN VALUE 
} 
return ret_val; 
}; // PCI_DWord_Read_Config_Reg () 


ff KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PERFORM 32 BIT WRITE OF PCI CONFIGURATION REGISTER. 
// REGISTER MUST BE A MULTIPLE OF 4. ( 0, 4, 8, C, 10, 14... ) 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KK KKK KKK AK KKK KKKKKKKKKKKKKKKKKKKAKKKKKKKKK 


r 
[7] 
































void PCI_DWord_Write_Config_Reg( int reg, unsigned long value ) 





























{ 
asm{ 
mov ah, Oxbl // BIOS FUNCTION : PCI 
mov al, 0Ox0d // BIOS SUBFUNCTION : WRITE DWORD 
mov bh, [bus_number] // PCI BUS NUMBER 
mov bl, [function_device] // DEVICE[7:3] FUNCTION[2:0] 
mov di, [reg] // REGISTER TO WRITE 
mov ecx, [value] 
int Oxla 
} 
ky // PCI_DWord_Write_Config_Reg () 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PERFORM 16 BIT READ OF PCI CONFIGURATION REGISTER. 
// REGISTER MUST BE A MULTIPLE OF 2. ( 0, 2, 4, 6, 8, A, C, E, 10, 12 ... ) 


df KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 























r 
Tr 














unsigned int PCI_Word_Read_Config_Reg( int reg ) 
{ 


unsigned int ret_val; 


asm{ 
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mov 
mov 
mov 
mov 
mov 
int 


mov 


ah, 
al, 
bh, 
bly 
di, 


Oxla 


Oxbl 
0x09 


[bus_number] 


[function_device] 


[reg] 


[ret_val], cx 


return ret_val; 


ee // PCI_Word_Read_Config_Reg() 


// 
// 
// 
// 
// 
// 








PROGRAMMING NOTES 





BIOS FUNCTION 

BIOS SUBFUNCTION READ WORD 
PCI BUS NUMBER 

DEVICE[7:3] FUNCTION[2:0] 
REGISTER TO READ 


VALUE 
// SAVE RETURN VALUE 

















COMES BACK IN ECX 



































// KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PERFORM 16 BIT WRITE OF PCI CONFIGURATION REGIST 
A MULTIPLE OF 2. ( 0, 











// REGISTER MUST BE 


// KKKKKKKKKKKKKKKKKKK 








r 











void PCI_Word_Write_Config_Reg ( 


{ 


int reg, 


2, 





ER. 








4, 6, 




















8, A, C, 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





ER 
Ei 


EB 
qh 





pe LOY V2 see) 


unsigned int value ) 


2:3] FUNCTION[2:0] 





GI 


asm{ 
mov ah, Oxbl // BIOS FUNCTION 
mov al, Ox0c // BIOS SUBFUNCTION 
mov bh, [bus_number] // PCI BUS NUMB 
mov bl, [function_device] // DEVICE[7 
mov di, [reg] // REGISTER TO WRIT! 
mov cx, [value] 
int Oxla 

} 

}; // PCI_Word_Write_Config_Reg() 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PERFORM 8 BIT RI 








BFAD OF PCI CONFIGURATION R 








EG 


ISTER 








// KKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKK 


unsigned char PCI_Byte_Read_Config_Reg ( 


{ 


unsigned char ret_val; 


asm{ 
mov 
mov 
mov 
mov 


mov 


ah, 
al, 
bh, 
bl, 
dav, 
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Oxbl 
0x08 


[bus_number] 


[function_device] 


[reg] 


9-83 


// 
// 
// 
// 
// 


BIOS FUNCTION 


int reg ) 


BIOS SUBFUNCTION 


PC 


D 
R 








US NUMBI 
EVICE 


[73] 








EGIST 





ER TO 





GI 








Ee 
R 


UNCTION [2:0] 
EAD 
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int Oxla 


mov [ret_val], cl 


return ret_val; 
}; // PCI_Byte_Read_Config_Reg() 


Tf KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// PERFORM 8 BIT WRITE OF PCI CONFIGUR 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


=, 
py 








r 


void PCI_Byte_Write_Config_Reg( int re 


{ 


asm{ 
mov ah, Oxbl 
mov al, Ox0b 
mov bh, [bus_number] 
mov bl, [function_device] 
mov di, [reg] 
mov cl, [value] 
int Oxla 


} 


}; // PCI_Byte_Write_Config_Reg() 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// 
// 


Ge 
Pi 


COMPAR 





ER 
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at 


// VAL 
// SAV! 


UI 





COM 
ETU 


ES BACK IN 
RN VALU! 














[7] 











KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


ATION REGISTER. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 











g, unsigned char value ) 


// 
// 
// 
// 
// 


BIOS FUNCTION 
BIOS SUBFUNCTION 

PCI BUS NUMBER 
DEVICE[7:3] FUNCTION[2:0] 
REGISTER TO WRIT! 




















GI 





KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


READ ARRAYS WITH EACH OTHER AS 





DWORDS. 





ALL CONFIGURATION 
IF THERE IS AN ERROR, THE 
AS CHAR’S. 


KKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKKKK 


REGIST! 
INTIRE 


G 

















// 
// 
// 
int Compare_DWord_Word_Byte_Arrays( vo 
{ 








G 





DW 











int reg; 


ned 


unsig long* dword_ptr (un 


unsigned long* word_ptr (un 


unsigned long* byte_ptr (un 





a 
py 


// USI 
( 


r 


64 DWORD COMPARI 
0; 





ES 
for 


{ 
if 


reg = reg < 64; regt+ 


( dword_ptr[reg] != wo 
| 


dword_ptr[reg] 
word_ptr[reg] 
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TO CHI 


'= byte_ptr[reg] 














ORD FOR EACH EXC 








r 





iPTION IS PRINTED OUT 





KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


id ) 


signed long*) &dword_config_regs[0]; 


signed long*) é&word_config_regs[0]; 


signed long*) &é&byte_config_regs[0]; 





ECK ALL ARRAYS 
) 


rd_ptr[reg] 


'= byte_ptr[reg] 


) 
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unsigned char* pl; 
unsigned char* p2; 
unsigned char* p3; 


unsigned char* p4; 


printf( “ERROR: Values read do not match.\n” ); 





// PRINT 1 DWORD AS BYTES 

pl (unsigned char*) &dword_ptr[reg]; 
p2 pl + 1; 

p3 = p24+ 1; 





p4 =p3 +1; 
printf ( “\tDWORD[%03d]: %02x %02x %02x %02x\n"”, reg, 
(unsigned int) *pl, (unsigned int) *p2, 


(unsigned int) *p3, (unsigned int) *p4 ); 


// PRINT 2 WORDS AS BYTES 





pl = (unsigned char*) &word_ptr[reg*2]; 
p2 pl + 1; 
p3 = p24+ 1; 


p4 =p3 +1; 
printf ( “\tWORD[%03d] : %02x %02x %02x %02x\n"”, reg*2, 
(unsigned int) *pl, (unsigned int) *p2, 


(unsigned int) *p3, (unsigned int) *p4 ); 





// PRINT 4 BYTES AS BYTES 
pl 
p2 =pl +1; 





(unsigned char*) &byte_ptr[reg*4]; 


p3 = p24+ 1; 
p4 = p3 +1; 
printf( “\tBYTE[%03d] : %02x %02x %02x %02x\n"”, reg*4, 


(unsigned int) *pl, (unsigned int) *p2, 





(unsigned int) *p3, (unsigned int) *p4 ); 
return 1; 
} 
} 
printf ( “DWord, Word, and Byte reads compare equal\n” ); 
return 0; 


}; // Compare_DWord_Word_Byte_Arrays () 


// KKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKK KKK KKK KKK KKK KK KKK KKKKKKKKKKKKKKKKKKKKKKK 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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void mai 


{ 


hi 


9.17.3 BitBLT 
// KKKKK 
Jf, BUT. 


// 
// BXAMP 





n( void ) 


int x; 


r 
r 





// INITIALIZE SOFTWARE INTERFACE TO PCI SERVICE 
PCI_Get_BIOS_Present_Status(); 
PCI_Find_Device(); 

















ea 
wn 











GI 


// READ ALL REGISTERS AS DWORDS, WORDS, BYTES AND COMPAR 
for ( x = 0; x < 64; xt+ ) 
{ 

















dword_config_regs[x] = PCI_DWord_Read_Config_Reg( x*4 ); 
} 
for ( x = 0; x < 128; x++ ) 
{ 
word_config_regs[x] = PCI_Word_Read_Config_Reg( x*2 ); 
} 
for ( x = 0; x < 256; x++ ) 
{ 
byte_config_regs[x] = PCI_Byte_Read_Config_Reg( x ); 


Compare_DWord_Word_Byte_Arrays(); 


// main 


Examples 


KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


MPL.CPP 





LE BITBLT ENGINE CODE. 














// KKKKK 
#pragma 

#include 
#include 


#include 


unsigned 
unsigned 
unsigned 


{ 


November 1996 





KKEKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKEKK 
option -4 

<conio.h> 

<stdlib.h> 


<dos.h> 
char far* status; 
char rand_data[2048]; 


char ce_data[16] = 


0x38, Ox7c, 0x64, OxcO, Oxc0O, Oxc0, Oxc0, OxcO0, 
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Oxc0O, OxcO, Oxc0O, 0x64, Ox7c, 0x38, 0x00, 0x00 
}; 


unsigned int blt_sys_2_scr_1[] = 

{ 0, 0, O, 0, 39, 39, 640, 640, 0, O, O, O, 0x04, OxOd, O }; 
unsigned int blt_sys_2_scr_2[] = 

{ 0, 0, O, 0, 15, 0, 640, 640, 32000, 0, O, O, Ox04, Ox0d, O }; 


unsigned int blt_scr_2_scr_1[] 
{ 0, 0, O, 0, 39, 39, 640, 640, 100, 0, O, O, O, OxO0d, O }; 

unsigned int blt_scr_2_scr_2[] = 

{ 0x55, O, Oxaa, 0, 7, 15, 640, 640, 32100, 0, 32000, 0, Ox80, Ox0d, O }; 
unsigned int blt_scr_2_scr_3[] = 

{ 0x55, O, Oxaa, 0, 7, 15, 640, 640, 32108, 0, 32000, 0, Ox80, Ox0d, O }; 
unsigned int blt_scr_2_scr_4[] = 

{ 0x55, O, Oxaa, 0, 7, 15, 640, 640, 32116, 0, 32000, 0, Ox80, Ox0d, O }; 


unsigned int io_blt_scr_2_scr[28] = 


{ 
Ox0000, Ox0010, 0x0012, 0x0014, Ox0001, Ox0011, 0x0013, Ox0015, 
0x2720, 0x0021, 0x2722, 0x0023, 0x8024, 0x0225, 0x8026, 0x0227, 
0Ox0028, 0x0129, Ox002a, Ox002c, O0x002d, O0x002e, O0x002f, 0x0030, 
Ox0d32, 0x0033, 0x0034, 0x0035 

hi 


Ky: KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


// WAIT FOR BLT TO FINISH. 


ff KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


void BLT _Wait( void ) 





{ 
while (1) 
{ 
// CHECK BITBLT STATUS 
if ( (*status & 0x01 ) == 0x00 ) break; 
} 
hi // BLT_Wait () 


f/f KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// WAIT FOR BLT TO FINISH USING IO. 


// KKEKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKEKKK 
void IO_BLT Wait( void ) 
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i 


// 
// 
// 


void BLT_System_To_Screen ( 


hi 


// 
// 
// 


void BLT _Screen_To_Screen ( 


{ 


outport ( O0x3ce, 0x31 ); 


while(1) 
{ 


CL-GD5480 Technical Reference Manual 


// CHECK BITBLT STATUS 





ay At 2 
} 
// IO_BLT_Wait () 


inport ( 


Ox3cf ) 


& Ox0l1 ) 0x00 ) 


break; 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEK 


SYSTEM TO SCREEN BLT USING M 


KKKKKKKKKKKKKKKKKKKKKKKKAKKKK 





r 











unsigned long* scr_data, 





EMTIO. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


unsigned long* blt_data, 


unsigned long count ) 


unsigned int x; 
unsigned long far* bptr = (unsigned long far*) MK_FP( Oxb800, 0 ); 
unsigned long far* aptr = (unsigned long far*) MK_FP( Oxa000, 0 ); 

















BLT _Wait(); 
// WRITE BLT PARAMETERS 
for ( x = 0; x < 8; xt++t 


// START BITBLT 











*status = 0x02; 
// WRITE SYSTEM DATA INTO FRAME 
for ( x = 0; x < count; xt+ ) 


// BLT_System_To_Screen 


KKKKKKKKKKKKKKKKKKKKKAKKKKKKK 


[7] 
x 


SCREEN TO SCREEN BLT USING M 


KKKKKKKKKKKKKKKKKKKKKKKKAKKKK 




















) “Spt rat *blt_datatt; 





BUFFER 
*aptr++ = *scr_datatt; 








KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





EMTIO. 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


unsigned long* blit_data ) 


unsigned int x; 
unsigned long far* bptr = (unsigned long far*) MK_FP( Oxb800, 0 ); 
unsigned char far* start = (unsigned char far*) MK_FP( 0xb800, Ox40 ); 


BLT_Wait(); 
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// WRITE BLT PARAMETERS 
for ( x = 0; x < 8; xt++ ) *bptrt++ = *blt_datatt+; 














// START BITBLT 
*start = 0x02; 


}; // BLT_Screen_To_Screen() 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 


// SCREEN TO SCREEN BLT USING IO. 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKK 





r 








r 











void IO_BLT_Screen_To_Screen( unsigned int* blt_data ) 
{ 
IO_BLT_Wait (); 


// WRITE BLT PARAMETERS 
for ( int x = 0; x < 28; x++ ) outport( Ox3ce, blit_data[x] ); 


r 














// START BITBLT 
outport ( 0x3ce, 0x0231 ); 


17 // IO_BLT_Screen_To_Screen() 


// KKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





// DO SEVERAL BLTS. 


f/f KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 











void main( void ) 
{ 
unsigned char srl7, grb; 


int xX 








// SET VIDEO MODE 5F 640X480X8 GRAPHICS 








asm mov ax, Ox5f 


asm int 0x10 


status = (unsigned char far*) MK_FP( 0xb800, 0x40 ); 


outportb( 0x3c4, Ox1l7 ); 

srl7 = inportb( 0x3c5 ) | 0x04; // TURN ON SR17[2] MEMIO 

srl17 &= ~0x40; // TURN OFF SR17[6] MEMIO ADDRE 
outportb( 0x3c5, srl7 ); 


GI 











r 
n 
n 
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outportb( Ox3ce, Ox0b ); 

grb = inportb( Ox3cf ); 

grb |= 0x20; // GRB[5] <-- 1 

grb &= ~0x01; // GRB[O] <-- 0 

outporthb( Ox3cf, grb ); 

for ( x = 0; x < 2048; x++ ) rand_data[x] = random( Oxff ); 

// SYSTEM TO SCREEN BLT WITH RANDOM COLOR DATA 

BLT_System_To_Screen( (unsigned long*) blt_sys_2_scr_l, 
(unsigned long*) rand_data, 400 ); 

// SCREEN TO SCREEN BLT WITH SOURCE EQUAL TO FIRST BLT 


























BLT_Screen_To_Screen( (unsigned lo 





[7] 


// SCR 


IO_BLT_Screen_To_Screen ( 





EN TO SCRE 








r 











// SYSTEM TO SCRE 





r 





EN BLT WITH COLOR 
































ng* ) 


EN IO BLT WITH SOURCE 


1O- bist. ser. 2 ser 


bit ser -2- ser 7)¢ 











EQUAL TO FIRST BLT 
i 





EXPAND DATA 





blt_sys_2_scr_2, 


ce_data, 4 ); 





BLT_System_To_Screen( (unsigned long*) 

(unsigned long*) 
// SCREEN TO SCREEN COLOR EXPANDED BLT 
BLT_Screen_To_Screen( (unsigned long*) 


B 
B 


LT_Screen_To_Screen ( 





LT_Screen_To_Screen ( 




















getch(); 
// SET VIDEO MODE 3 80X25 TEXT 
asm mov ax, 0x03 
asm int 0x10 
}; // main() 
November 1996 9-90 


(unsigned long*) 


(unsigned long*) 


blit_scr_2_scr_2 
blit_scr_2_scr_3 
blit_scr_2_scr_4 


); 
); 
)ey 
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9.17.4 Setting Mode 3 























S 





// 

// MS3_XMPL.CPP 

a 

// EXAMPLE PROGRAM TO DEMONSTRATE 
// 


#include <dos.h> 


#include <mem.h> 


extern char *font; 























// POINT! 





ETTING VGA CONTROLLI 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


PROGRAMMING NOTES 


KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





ER FOR T! 





Ge 
ih 


EXT MODE. 





ER TO 8X16 FONT 






























































struct VIDEO_REGS 
{ 
char seq[8]; // SEQUENCER REGS 
char crtc[26]; // CRTC REGS 
char grph[9]; // GRAPHICS REGS 
char attr[21]; // ATTRIBUTE REGS 
hi 
struct VIDEO_REGS mode3 = 
{ 
{ 0x03, 0x00, 0x03, 0x00, 0x02, Oxfa, 0x01, Oxfa }, // SR REGS 
{ Ox5f, Ox4f, 0x50, 0x82, 0x55, 0x81, Oxbf, Oxl1f, // CR REGS 
0x00, Ox4f, Ox0d, Ox0e, Ox00, Ox00, Ox01, OxedO, 
Ox9c, Oxae, Ox8f, 0x28, Oxlf, 0x96, Oxb9, Oxa3, 
Oxff, 0x19 }, 
{ 0x00, 0x00, Ox00, 0x00, 0x00, Ox10, Ox0e, 0x00, Oxff }, // GR 
REGS 
{ 0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x14, // AR REGS 
0x07, 0x38, 0x39, Ox3a, Ox3b, Ox3c, O0x3d, 
Ox3e, Ox3f, Ox0c, 0x00, Ox0f, 0x08, 0x00 }, 
i 
char attrchar[2] = { 0x20, 0x07 }; // FOR CLEARING THE VIDEO BUFFER 
int pattern[4] = { Oxaaaa, 0x5555, Oxffff, 0x0000 }; // TEST PATTERN 
char savearea[28*80*2]; // FOR SAVING CHARACTER TO BE TESTED 
char ramdac_tbl[]= 
{ 
0x00,0x00,0x00,0x00,0x00,0x2a, 0x00, 0x2a, 0x00, 0x00, 0x2a, 0x2a, 0x2a,0x00,0x00, 
Ox2a, 0x00, 0x2a, 0Ox2a, 0Ox2a, 0x00, Ox2a, 0Ox2a, 0Ox2a, 0x00,0x00,0x15,0x00,0x00,0x3f, 
0x00, 0x2a, 0x15, 0x00, 0x2a, 0x3f,0x2a,0x00,0x15, 0x2a, 0x00, 0x3f,0x2a,0x2a,0x15, 
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Ox2a, 0x2a, 0x3f,0x00,0x15,0x00,0x00, 0x15, 0x2a,0x00,0x3f,0x00,0x00, 0x3f,0x2a, 
Ox2a,0x15,0x00,0x2a,0x15,0x2a, 0x2a, 0Ox3f,0x00, 0x2a, Ox3f,0x2a,0x00,0x15,0x15, 
0x00,0x15,0x3f,0x00,0x3f,0x15,0x00, 0x3f,0x3f,0x2a,0x15,0x15,0x2a,0x15,0x3f, 
Ox2a,0x3f,0x15,0x2a,0x3f,0x3f,0x15,0x00,0x00,0x15,0x00,0x2a,0x15,0x2a,0x00, 
0x15, 0x2a,0x2a,0x3f,0x00,0x00,0x3f,0x00,0x2a, 0x3f,0x2a,0x00,0x3f, 0x2a,0x2a, 
0x15,0x00,0x15,0x15,0x00,0x3f,0x15, 0x2a,0x15,0x15,0x2a, 0x3f,0x3f,0x00,0x15, 
Ox3f£,0x00, 0x3f,0x3f,0x2a,0x15,0x3f, 0x2a,0x3f,0x15,0x15,0x00,0x15,0x15,0x2a, 
0x15,0x3f,0x00,0x15,0x3f,0x2a,0x3f,0x15,0x00,0x3f,0x15,0x2a,0x3f,0x3f,0x00, 
Ox3f,0x3f,0x2a,0x15,0x15,0x15, 0x15, 0x15, 0x3f, 0x15, 0x3f,0x15,0x15,0x3f,0x3f, 
Ox3f,0x15,0x15,0x3f,0x15,0x3f,0x3f,0x3f,0x15,0x3f,0x3f,0x3f,0x39,0x0c,0x05, 
0x15,0x2c, 0x0f,0x26, 0x10, 0x3d,0x29,0x29,0x38,0x04,0xla, 0x0e, 0x02, Oxle, 0x3a, 
Ox3c,0x25,0x33,0x3c,0x0c, 0x2c, 0x3f,0x03,0x2b, 0Oxlc, 0x09, 0x13,0x25,0x2a,0x35, 
Oxle, 0x0a, 0x38,0x24,0x08,0x03,0x03, 0x0e, 0x36, 0x0c, 0x06, 0x2a, 0x26, 0x03,0x32, 
0x05,0x2f,0x33,0x3c,0x35,0x2f,0x2d, 0x26, 0x3e, 0x0d, 0x0a, 0x10,0x25,0x3c,0x11, 
0x0d, 0x04, 0x2e, 0x05, 0x19, 0x3e, 0x0c, 0x13,0x34, 0x2b, 0x06, 0x24,0x04, 0x03, 0x0d, 
Ox2f,0x3c,0x0c, 0x2a,0x37,0x1f, 0x0f,0x12,0x38,0x38,0x0e, 0x2a,0x12,0x2f,0x19, 
0x29, 0x2e, 0x31,0x25,0x13, 0x3e, 0x33, 0x3e, 0x33, 0xld, 0x2c,0x25,0x15,0x15,0x05, 
0x32,0x25,0x39,0xla, 0x07, 0x1f,0x13,0x0e, 0xld, 0x36,0x17,0x34,0x0f,0x15,0x23, 
0x02,0x35,0x0d,0x15,0x3f,0x0c,0x14, 0x2f,0x0f,0x19,0x21,0x3e,0x27,0x11,0x2f, 
0x38, 0x3f,0x3c, 0x36, 0x2d,0x15,0x16,0x17,0x02,0x01,0x0a, 0x3d, 0x1lb, 0x11,0x3f, 
0x21, 0x3c,0x0d, 0xla, 0x39, 0x3d, 0x08, 0x0e, 0x0e, 0x22,0x21,0x23,0xle, 0x30,0x05, 
Ox1lf,0x22,0x3d, 0xle, Ox2f,0x0a, 0x00, 0xlc, 0x0e, 0x00, Oxlc, 0x15,0x00,0xlc,0xl1c, 
0x00,0x15,0xlc, 0x00, 0x0e, 0Oxlc, 0x00, 0x07, 0xlc, 0x0e, Ox0e, Oxlc,0x11,0x0e, O0xlc, 
0x15, 0x0e, Oxlc, 0x18, 0x0e, Oxlc, Oxlc, 0x0e, Oxlc, Oxlc, 0x0e, 0x18, 0xlc, 0x0e, 0x15, 
Oxlc, 0x0e, 0x11, 0xlc, 0x0e, 0x0e, Oxlc, 0x11, 0x0e, Oxlc, 0x15, 0x0e, Oxlc, 0x18,0x0e, 
Oxlc, Oxlc, 0Ox0e, 0x18, 0xlc, 0x0e, 0x15, 0Oxlc, 0x0e, 0x11, 0xlc, 0x0e, 0Ox0e, Oxlc, 0x0e, 
Ox0e, Oxlc, 0x11, 0x0e, Oxlc, 0x15, 0x0e, Oxlc, 0x18, 0x0e, Oxlc, Oxlc, 0x0e, 0x18,0x1c, 
Ox0e, 0x15, Oxlc, 0x0e, 0x11, 0xlc, 0x14, 0x14, 0xlc, 0x16,0x14, 0xlc,0x18,0x14,0xl1c, 
Oxla, 0x14, 0xlc, 0Oxlc, 0x14, 0xlc, Oxlc, 0x14, 0xla, Oxlc, 0x14, 0x18,0xlc,0x14,0x16, 
Oxlc, 0x14,0x14, 0xlc, 0x16, 0x14, 0xlc, 0x18,0x14, 0xlc, Oxla, 0x14, 0xlc, Oxlc, 0x14, 
Oxla, Oxlc, 0x14,0x18, 0xlc, 0x14, 0x16, Oxlc, 0x14, 0x14, 0x1lc,0x14,0x14, 0xlc, 0x16, 
0x14, 0xlc,0x18,0x14,0xlc, 0xla, 0x14, 0xlc, Oxlc, 0x14, 0xla, Oxlc, 0x14, 0x18,0xl1c, 
0x14, 0x16, 0xlc,0x00,0x00,0x10,0x04, 0x00,0x10,0x08,0x00,0x10,0x0c, 0x00,0x10, 
0x10,0x00,0x10,0x10,0x00,0x0c,0x10,0x00,0x08,0x10,0x00,0x04,0x10,0x00,0x00, 
0x10,0x04,0x00,0x10,0x08,0x00,0x10,0x0c,0x00,0x10,0x10,0x00,0x0c, 0x10,0x00, 
0x08,0x10,0x00,0x04,0x10,0x00, 0x00, 0x10, 0x00, 0x00, 0x10,0x04,0x00,0x10,0x08, 
0x00,0x10,0x0c, 0x00,0x10,0x10,0x00,0x0c,0x10,0x00,0x08,0x10,0x00,0x04,0x10, 
0x08,0x08,0x10,0x0a, 0x08, 0x10, 0x0c, 0x08,0x10,0x0e, 0x08, 0x10,0x10,0x08,0x10, 
0x10,0x08,0x0e, 0x10,0x08,0x0c, 0x10, 0x08,0x0a, 0x10,0x08,0x08,0x10,0x0a,0x08, 
0x10, 0x0c, 0x08, 0x10, 0x0e, 0x08, 0x10, 0x10,0x08, 0x0e, 0x10,0x08,0x0c, 0x10,0x08, 
Ox0a, 0x10, 0x08, 0x08,0x10,0x08,0x08,0x10,0x0a, 0x08, 0x10, 0x0c, 0x08, 0x10,0x0e, 
0x08,0x10,0x10,0x08,0x0e, 0x10,0x08, 0x0c, 0x10,0x08,0x0a, 0x10, 0x0b, 0x0b, 0x10, 
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0x0c, 0x0b, 0x10, 0x0d, 0x0b, 0x10, 0Ox0f, 0x0b, 0x10, 0x10, 0x0b, 0x10,0x10,0x0b, Ox0f, 
0x10, 0x0b, 0x0d, 0x10, 0x0b, 0x0c, 0x10, 0x0b, 0x0b, 0x10, 0x0c, 0x0b, 0x10, 0x0d,0x0b, 
0x10,0x0f, 0x0b, 0x10,0x10,0x0b, OxO0f, 0x10, 0x0b, 0x0d, 0x10, 0x0b, 0x0c, 0x10, 0x0b, 
0x0b, 0x10, 0x0b, 0x0b, 0x10, 0x0c, 0x0b, 0x10, 0x0d, 0x0b, 0x10, 0x0f,0x0b, 0x10,0x10, 
O0x0b, OxO0f, 0x10, 0x0b, 0x0d, 0x10, 0x0b, 0x0c,0x10,0x00,0x00,0x00,0x00,0x00,0x00, 
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00, 
0x00,0x00,0x00 

ey // vamdac_tbl [] 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKAKKKK 


// WRITE INDIRECTLY TO I/O PORT 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 








void setreg( unsigned int port, int index, char data ) 


{ 
outportbh( port, index); 
outportb( portt+l, data ); 
‘7 // setreg() 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// READ I/O PORT 


// KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





int getreg(unsigned int port, int index) 


{ 

outportbh( port, index ); 

return inportb( portt+l ) & Ox0O0ff; 
he // getreg() 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KK KKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 


void updattr( int rg, char val ) 














{ 
inportb( Ox3da ); // POINTS TO INDEX REGISTER FOR COLOR ADAPTER 
inportb( Ox3ba ); // POINTS TO INDEX REGISTER FOR MONO 
outportbh( 0x3c0, rg ); 
outportbh( 0x3c0, val ); 
outportbh( O0x3c0, rg | 0x20 ); 

}; // updattr() 


Jey: KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKK 


// SET MOST OF VGA REGISTERS 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKK KK KKK KKKKKKKKKKKKKKAKKKKKKK 

















void setvidregs( struct VIDEO_REGS* d) 
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// SET ATTRIBUTE CONTROLLER 
for ( i = 0; i < Ox15; i++ ) updattr( i, d->attr[i] ); 


// SET CRTC REGISTERS 


for (i = 0; i < 0x19; i++ ) setreg( O0x3d4, i, d->crtc[i] ); 














// SET GRAPHICS REGISTERS 
for ( i = 0x00;1 < 0x09; i++ ) setreg( Ox3ce, i, d->grph[il] ); 





























// SET SEQUENCER REGISTERS 

setreg (0x3c4,0x00,0x03); // RESTART SEQUENCER 

FOL HG aS Oe aio ee Be a aR< °) setreg( 0x3c4, i, d->seq[i] ); 
}; // setvidregs () 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 


// KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


int ramtest( void ) 
{ 
int stat; 
int Dy Tx? 
Char 1, pis 
void far *address; 


unsigned bufseg, bufoff; 


r 


// PUT CHIP INTO THE PLANAR GRAPHICS MODE FOR TESTING 
// DISABLE VIDEO AND ENABLE ALL TO CPU TO ENABLE MAXIMUM VIDEO 
// MEMORY ACCESS 


GI 












































i = getreg( 0x3c4, 0x01 ) | 0x20;// CLOCKING MODE REGISTER - */ 





setreg( 0x3c4, 0x01, i ); // DISABLE VIDEO 
i = ( getreg( 0x3c4, 0x04 ) | 0x04 ) & 0x07; // MEMORY MODE REG 
setreg( 0x3c4, 0x04, i); // DISABLE ODD/EVEN AND CHAIN 4 











i = getreg( 0x3ce, 0x05) & Oxef;// GRAPHICS CONTROLLER 
setreg( Ox3ce, 0x05, i); // DISABLE ODD/EVEN 
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setreg( Ox3ce, 0x06, 0x05 ); // MEMORY MAP - SET IT TO AOOO 
// AND GRAPHICS MODE 
setreg( 0x3c4, 2, Ox0f ); // ENABLE WRITE PLANES 0-3 


// DO 4 DIFFERENT PATTERNS 














for( p = 0; p < 4; ptt ) 

{ 
// FILL ALL 4 PLANES WITH TEST PATTERN 
address = (void far *)( pattern + p ); 
bufseg = FP_SEG( address ); 
bufoff = FP_OFF( address ); 
for ( ix = 0; ix < 25*80*2; ix += 2 ) 

{ 
movedata( bufseg, bufoff, Oxa000, ix, 2); 






































// NOW TEST ALL 4 PLANES FOR THE PATTERN 
for( 1 = 0; 1 < 4; 1++) 
{ 
setreg( O0x3ce, 4, 1 ); // SELECT PLANE TO READ 
address = (void far *)savearea; 
bufseg = FP_SEG( address ); 
bufoff = FP_OFF( address ); 
movedata( 0xa000, 0, bufseg, bufoff, 25*80*2 ); 
stat = 0; 
ix = 0; 
while ( ( stat == ) && ( ix <= 25*80 ) ) 
{ 
stat = memcmp( &(char)pattern[p], &Savearea[ixt++], 2 ); 
} 
if( stat ) return stat; // RETURN AN ERROR 


} 


} 








return stat; 


hi 


// vamtest () 


// KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 
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int main( void ) 


{ 


char 1; 
int ram_status, ix, Jj; 
int font_ptr; 


void far* address; 


unsigned bufseg, bufoff; 


// ASSERT SYNCHRONEOUS RESET WHILE SETTING THE CLOCK MODE 


















































setreg( 0x3c4, 0, 1); // ASSERT SYNCHRONOUS RESET 
outportb( 0x3c2, Ox67 ); // SELECT CLOCK 

setreg( 0x3c4, 0, 3); // DE-ASSERT SYNCHRONOUS RESET 
setvidregs( &mode3 ); // SET “STANDARD” VIDEO REGISTERS 
ram_status = ramtest(); // DO THE VIDEO MEMORY TEST 
setvidregs( &mode3 ); // SET “STANDARD” VIDEO REGISTERS 








// LOAD 8X16 FONT INTO PLANE 2 














i = ( getreg( 0x3c4, 0x04 ) | 0x04 ) & 0x07;// MEMORY MODE REG 
setreg( 0x3c4, 0x04, i); // DISABLE ODD/EVEN AND CHAIN 4 
i = getreg( 0x3c4, 0x01 ) | 0x20; // CLOCKING MODE REGISTER 
setreg( 0x3c4, 0x01, i); // DISABLE VIDEO 


i = getreg( Ox3ce, 0x05 ) & Oxef; // GRAPHICS CONTROLLER 
setreg( Ox3ce, 0x05, i ); // DISABLE ODD/EVEN 








setreg( Ox3ce, 0x06, 0x05); // MEMORY MAP - SET IT TO AOOO 





// AND GRAPHICS MOD 





GI 


setreg( 0x3c4, 2, 4 ); // ENABLE WRITE PLANE 2 


// FILL PLANE 2 WITH 8X16 FONT 


address = (void far *) &font; 
bufseg = FP_SEG( address ); 
bufoff = FP_OFF( address ); 
font_ptr = 0; 

for Boa Oe He <= 255k iste 


{ 
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// MOVE 1ST 16 BYTES 
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movedata( bufseg, bufoff, OxA000, font_ptr, 16 ); 


font_ptr += 32; 
bufoff += 16; 





// LOAD RAMDAC 


























for ( ix = 0, 3 = 0; j <= OxOFF ; ix = ixt+3, jtt ) 

{ 
outportb( 0x3c8, (unsigned char) j ); // WRITE RAMDAC INDEX 
outportb( 0x3c9, ramdac_tbl[ix ie // WRITE RED 
outportb( 0x3c9, ramdac_tbl[ixtl] ); // WRITE GREEN 
outportb( 0x3c9, ramdac_tbl[ix+2] ye // WRITE BLUE 

}; 

// SET “STANDARD” VIDEO REGISTERS 

setvidregs( &mode3 ); 

// FILL PLANE 0 AND 1 WITH 0X20 AND OXO7 

address = (void far *) attrchar; 

bufseg = FP_SEG( address ); 

bufoff = FP_OFF( address ); 

for ( ix = O;1ix < 25*80*2; ix += 2 ) 

{ 

movedata( bufseg, bufoff, Oxb800, ix, sizeof( attrchar ) ); 





// PROGRAM THE PALLETTE MASK REGISTER 
outporth( O0x3c6, Oxff ); 


// GET MONITOR TYPE 


return ram_status; 


+7 // main() 


i 
; FONT 8x16 
, 
PUBLIC C font 
DGROUP GROUP _DATA 
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ASSUME DS:DGROUP 


_DATA segment word public 


font 


DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





000 
000 
000 
099 
000 
OE7 
000 





OFEH 





000 
O7C 
000 
OE7 
000 








O7EH 


000 
03C 


label byte 


H, 000H 
H, OOOH 
H, O7E 
H, 081 





,O7E 
, OFF 


H, OOOH 
H, 038H 
H, OOOH 
H,010H 
H, OOOH 
H,018H 
H, OOOH 
H,018H 
H, OOOH 
H, OOOH 


, OOOH 
, OOOH 


,081 
,O7E 
, OFF 
,O7E 





, OOOH 
,010H 
, OOOH 
, OOOH 
,018H 
, 03CH 
,018H 
, 03CH 
, OOOH 
, OOOH 


, OOOH 
, OOOH 
, OA5H 
, OOOH 


, ODB 


, OOOH 
, 06CH 
, OOOH 
,010H 
, OOOH 
, 03CH 
, OOOH 
, O3CH 
, OOOH 
, OOOH 
, OOOH 


‘DATA’ 


, OOOH 
, OOOH 
,081H 
, OOOH 


, OFF 
, 000 


, 000H, OOOH 
, 000H, OOOH 


,081H, OBD 
, 000H, 000 
, OFFH,0C3 
, 000H, 000 





, OFE 











, OOOH 
,038H 
, OOOH 


,03C 
, 000 





, OOOH 
, OOOH 
, OOOH 





OFE 
0C3 
000 
042 





H, OFE 


H, OFF 


, OFE 


, OFE 




















, OFE 


H, OOOH 
H, 03CH 


H, OFE 
, OOOH 
, OOOH 


H, OFE 
, OOOH 
, OOOH 





OFFH 
OBDH 


000 
OCC 
000 


018H 


000 
030 
000 
063 
000 


O3CH 


000 
OFO 
000 
O1E 














OOOH 
018H 
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H, OFE 
H,0C3 


,O1E 





H, OFF 


, OFE 


H, OFE 
, 03CH 
, OOOH 
H, OC3H 





, OFE 
,00E 








H, OCCH 
H, 03CH 
H,018H 
H, O3FH 
H, OFO 
H, O7F 


,OE7 





,078H 
,066H 
,018H 
,033H 
, OEOH 


, 063 
, OF6 








H, OOOH 
H,018H 
H, OCO 
H, OCOH 
H, 006 
EH, 006H 
H,018H 
H, 03CH 








,018H 
,018H 
, OEOH 
, 080H 





,00E 





H, OFE 
, O1AH 
, OOOH 
,066H 
, OOOH 
, 03FH 
, OOOH 
,O7FH 
, OCOH 
,018H 
, OOOH 
, OFOH 
, OOOH 


,O1E 


H, OFFH 


032 
, 000 


, 066H 
, OOOH 
,030H 
, OOOH 


, 063 
, 000 


, ODBH 
, 000H 


,OF8 
, 000 
,03E 




















,002 


, 03CH 
,018H 








, 000 





,O7EH 
, 000H 








, 000 


,018H 
, OOOH 








, 000H, 000 


,018H,018H 
, 000H, OOOH 








9-98 








140 


e101 


712 


ples 


714 


ALS 


716 


ale 


718 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





OOOH 
O66H 


000 
01B 


OOOH 
O6CH 
OOOH 


OFE 





, OOOH 
, OOOH 
, OOOH 
, 01BH 
,07CH 
,038H 
, OOOH 


, OFE 


,066H 
, 066H 


,O7E 


, 01BH 
, OC6H 
, OOCH 
, OOOH 


, OFE 





, 066H 
,066H 


, ODB 
,O1B 


, 060H 
, OC6H 
, OOOH 


,OFE 








000 
018 


OOOH 
018H 
OOOH 


018 
000 
00C 


OOOH 
060H 
OOOH 


0CO 
000 
06C 


OOOH 


O7C 


OOOH 
038H 


000 
000 


OOOH 
018H 
OOOH 
OOOH 


000 
06C 


018H 
O86H 
OOOH 
030H 


000 
OCC 


OOOH 
OOOH 








, 000 





, OOOH 
,018H 
, OOOH 


,O7E 





, OOOH 
,018H 
, OOOH 
,030H 
, OOOH 


, OFE 





, OOOH 
,028H 
, OOOH 


, OFE 





,018H 
, 03CH 
,018H 
,018H 
,018H 
, 03CH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OFEH 








, OOOH 
,038H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,066H 
, OOOH 
, OOOH 





,018H 
, OC6H 
, OOOH 
, 060H 
, OOOH 
, OCCH 
,030H 
, OOOH 








, OOOH 
,010H 
, OOOH 
, OOOH 
,018H 
,018H 
, 066H 
, OOOH 
, OOOH 
, 06CH 
,O07CH 
,07CH 
, OOOH 
, OC6H 
,038H 
, OCCH 
,030H 
, OOOH 








,03C 
,018 


, 03CH 
,018H 
,018H 
,018H 


, 000 
, 000 


, OOOH 
, OOOH 
, OOOH 
, OOOH 


, 000 
, 000 


, OOOH 
, OOOH 


, 000 


, OOOH 


, 000 
, 000 


, 03CH 
,018H 
,066H 
, OOOH 


,06C 
,06C 


, OC6H 
,018H 
, OOOH 
, 0O86H 


,06C 
,076 


,030H 
, OOOH 
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, 066H 
, OOOH 
, ODBH 
, OOOH 
,038H 
,07CH 
, OOOH 
, OOOH 
,O7EH 





, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,010H 
, OOOH 





H,018H 


, 066H 
, OOOH 
, ODBH 
, OOOH 
, 06CH 
, OOOH 
, OOOH 
, OOOH 
,018H 
, OOOH 


, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
, 030H 
, OOOH 
, OCOH 
, OOOH 
,028H 
, OOOH 
,038H 
, OOOH 








, OOOH 
, OOOH 
, OOOH 
, 03CH 
, OOOH 
,024H 
, OOOH 
, 06CH 
, OOOH 
, 0C2H 
,018H 
, 0C2H 
, OOOH 
, 06CH 
, OOOH 
, 060H 








, OOOH 


, OOOH 
, OOOH 
, OOOH 
, 03CH 
, OOOH 
, OOOH 
, OOOH 
, OFEH 
, OOOH 
, OCOH 
, OOOH 
, OC6H 
, OOOH 
,038H 
, OOOH 
, OOOH 











, OOOH 


,066H, 066 
, 000H, 000 
,07BH, 01B 
, OOOH, 000 


, OC6H, OC6H 
, 000H, OOOH 


, 000H, 000 
, 000H, 000 
,018H,018 
, 000H, 000 


,018H,018H 
, 000H, OOOH 


,018H,018 
, 000H, 000 
, OOCH, OF 
, 0O0H, 00 
,060H, OF 


tA 


oO 





GI 


, 000H, OOOH 


, OCOH, 0CO 
, 000H, 000 
, 06CH, OF 
, 000H, 000 





ra 


,038H, 07CH 
,000H, OOOH 
EH, 07CH, O7C 


, 000H, 000 
, 000H, 000 
, 000H, 000 


,018H,018H 
, 000H, 000OH 


, 000H, 000 
, 000H, 000 
, 06CH, 06C 
, 000H, 000 


,07CH, 006H 
, 000H, OOOH 


,00CH, 018 
, 000H, 000 
,076H, ODC 
, 000H, 000 


, OOOH, OOOH 
, 000H, 00OH 








9-99 








eg 


720 


721 


722 


223 


724 


725 


726 


727 


728 


eZ29 


2230 


231 


P32 


aS 


734 


235 


736 


owl 


238 


23:9 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





000 
030 
000 
00C 
000 
03C 
000 
018 
000 
000 
000 
000 
000 
000 
000 
030 
000 
0C3 
000 
018 
000 
060 
000 
006 
000 
00C 
000 
006 
000 
0C6 
000 
030 
000 
0C6 
000 
006 
000 
000 
000 
000 
000 
030 
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, OOOH 
,030H 
, OOOH 
, OOCH 
, OOOH 
,066H 
, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, 060H 
, OOOH 
, OC3H 
, OOOH 
,018H 
, OOOH 
, OCOH 
, OOOH 
, OO6H 
, OOOH 
, OOCH 


, 000 


, OO6H 
, OOOH 
, OC6H 


, 000 


,030H 
, OOOH 
, OC6H 
, OOOH 
, OO6H 
, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
,018H 








, OOCH 
,018H 
,030H 
,018H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 
,018H 
, OOOH 
, OCOH 
, 03CH 
, 066H 
,018H 
,018H 


,O7C 
, 0C6 


,07CH 
, OC6H 
, OOCH 
, OOCH 


,OFE 





, OC6H 
,038H 
, OC6H 





,030H 
,07CH 
, OC6H 
,07CH 
, OOCH 
, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
, OOCH 








,018H 
, OOCH 
,018H 
,030H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 
,018H 
, OOOH 
, 080H 
,066H 
, 03CH 
,038H 


,O7E 
, 0C6 





, OC6H 
,07CH 
, 01CH 


,O1E 





, OCOH 
,07CH 
, 060H 
, 07CH 
, OC6H 
, 030H 
, OC6H 
,07CH 
, OC6H 
,078H 
, OOOH 
, OOOH 
, OOOH 
,030H 
, OO6H 
, 0O6H 








,030H 
, OOOH 
, OOCH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,030H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,002H 
, OOOH 
, OC3H 
, OOOH 
,078H 
, OOOH 
, 0O6H 
, OOOH 
, OO6H 
, OOOH 
, 03CH 
, OOOH 
, OCOH 
, OOOH 
, OCOH 
, OOOH 
, 0O6H 
, OOOH 
, OC6H 
, OOOH 
, OC6H 
, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
, OOCH 
, OOOH 








,030H 
, OOOH 


,00C 
, 000 


,066H 
, OOOH 
,018H 
, OOOH 


, 000 
, 000 


, OOOH 
, OOOH 
, OOOH 
, OOOH 


, 006 
, 000 


, OC3H 
, OOOH 
,018H 
, OOOH 


, 00C 
, 000 


, 0O6H 
, OOOH 
, 06CH 
, OOOH 


, OCO 
, 000 


, OCOH 
, OOOH 
, OO6H 
, OOOH 


, 0C6 
, 000 


, OC6H 
, OOOH 
,018H 
, OOOH 


,018 
, 000 


,018H 
, OOOH 








,030H, 030 
, 000H, 000 
, OOCH, OOC 
, 000H, 000 
, 03CH, OFF 


, 000H, OOOH 


,018H,07E 
, 000H, 000 
, 000H, 000 
, 000H, 000 
,000H, OF 


GI 








GI 


, OOOH, OOOH 


, 000H, 000 
, 000H, 000 
,00CH, 018 
, 000H, 000 
, ODBH, ODB 


, 000H, OOOH 


,018H,018 
, 000H, 000 
,018H, 030 
, 000H, 000 


, 03CH, 006H 
, 000H, OOOH 





GI 


, OCCH, OF 
, 000H, 000 
, OFCH, 006 
, 000H, 000 


, OFCH, OC6H 
, 000H, 000H 


,00CH, 018 
, 000H, 000 
,07CH, 0C6 
, 000H, 000 


,07EH, 006H 
, 000H, OOOH 





, 000H, 000 
, 000H, 000 
, 000H, 000 
, 000H, 000 


,030H, 060H 
, 000H, OOOH 








9-100 








740 


741 


742 


743 


744 


745 


746 


747 


748 


749 


750 


7oL 


“52 


-53 


754 


720 


+56 


pol 


758 


759 


; 60 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





OOOH 


000 
000 
00C 


OOOH 
018H 
OOOH 


ODE 
000 
0C6 





OOOH 
O66H 
OOOH 
OCOH 


000 
066 


OOOH 
060H 
OOOH 
O60H 


000 
0C6 


OOOH 
OC6H 
OOOH 
018H 


000 
OCC 


OOOH 
O6CH 
OOOH 
O60H 


000 
0C6 


OOOH 
OC6H 
OOOH 
OC6H 


000 
060 


OOOH 
OC6H 








, OOOH 


,OFE 





, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 


, ODC 


, OOOH 
, OC6H 


, 000 


,066H 
, OOOH 
, 0C2H 
, OOOH 
, 066H 


, 000 


,062H 


, 000 


, 060H 
, OOOH 
, OC6H 
, OOOH 
, OC6H 
, OOOH 
,018H 
, OOOH 
, OCCH 
, OOOH 
,066H 
, OOOH 
,062H 
, OOOH 
, OC6H 
, OOOH 
, OC6H 
, OOOH 
, OC6H 


, 000 


,060H 
, OOOH 


, OD6 








, OOOH 
, OOOH 
, OOOH 
,030H 
,07CH 
,018H 
, OOOH 
, OCOH 
,010H 
, OC6H 
, OFCH 


, 066 


, 03CH 
, 066H 
, OF 8H 
, 06CH 
, OFEH 


, 066 
,OFE 





, 060H 
, 03CH 
,066H 
, OC6H 
, OC6H 
, 03CH 
,018H 


,O1E 





, OCCH 
, OE6H 
,066H 
, OFOH 





, 066 
, OC6 
, OC6 


, OC6H 
, OC6H 
,07CH 
, OC6H 


, OFC 


,060H 
,07CH 











, OOOH 
, OOOH 


, 060 
, 060 


, OC6H 
,018H 
,07CH 
,07CH 


, 038 
, 0OC6 


, 066H 
, OFCH 
, 066H 
, 03CH 


,06C 
,OF8 


, 066H 





, 066H 
, OFOH 


, 066 
,03A 


, OC6H 
, OC6H 
,018H 
, 03CH 


,00C 
,078 


,066H 
, OE6H 
, 060H 





,OFE 


, OOOH 
, OOOH 
,030H 
, OOOH 
, OC6H 
, OOOH 
, OC6H 
, OOOH 
, 06CH 
, OOOH 
, 066H 
, OOOH 
, 0C2H 
, OOOH 
,066H 
, OOOH 
,062H 
H, OOOH 
,062H 
, OOOH 
,0C2H 
, OOOH 
, OC6H 
, OOOH 
,018H 
, OOOH 
, OOCH 
, OOOH 
, 06CH 
, OOOH 
,060H 
, OOOH 


, 00 
, 00 
,Ol 
, 00 
, 00 
, 00 


0 


OH 
8H 
OH 
CH 
OH 


, 0C6 


, 00 


, 00 
, 06 
, 00 


, 00 
, 06 
, 00 
, 06 
, 00 
, 06 
, 00 


, 00 


OH 
, OC6H 
OH 
6H 
OH 
, OCOH 
OH 
6H 
OH 
8H 
OH 
8H 
OH 
, OCOH 
OH 


, 0C6 


, 00 
pO 
, 00 
, 00 
, 00 
, 06 
, 00 
, 06 
, 00 








, OEE 


, OFE 





OH 
8H 
OH 
CH 
OH 
CH 
OH 
OH 
OH 
, OFE 


= 





, OC6 





, OE6H 
, OC6H 
, OC6H 
,07CH 


, 066 
, OFO 


, OC6H 
H, 07CH 
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, OOOH 


, 00 


0 


, OFEH, 000 
, 000H, 000 
, OOCH, 006 
, 000H, 000 





,018H,018H 
, 000H, OOOH 


, ODEH, ODE 
, 000H, 000 
, OC6H, OF 
, 000H, 000 











ea 


,07CH, 066H 
, 000H, OOOH 


, OCOH, 0CO 
, 000H, 000 
,066H, 066 
, 0O0H, 000 


,078H, 068H 
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r159 


7160 


7161 


7162 


7163 


7164 


7165 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





000 
000 
000 
000 
000 
0CO 
000 
O0CO 
000 
006 
000 


060H 
OOOH 
O66H 


000 
03C 
000 
066 
000 
066 
011 
011 
055 
055 


ODDH 
ODDH 


018 
018 
018 
018 
018 
018 
036 
036 
000 
036 
000 
018 
036 
036 
036 
036 
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, 03CH 
, OOOH 
,038H 
, OOOH 
, OOOH 
, OC6H 
, OOOH 
, OCOH 
, OOOH 
, OO6H 
, OCOH 


, 0CO 
, OCE 





, OOOH 
, 03CH 
, OOOH 
,033H 
, OOOH 
, OCCH 
,044H 
,044H 
, OAAH 
, OAAH 


,O77 
,O77 


,018H 
,018H 
,018H 
,018H 
,018H 
,018H 
,036H 
,036H 
, OOOH 
,036H 
, OOOH 
,018H 
,036H 
,036H 
,036H 
,036H 








, 06CH 
, OOOH 


,06C 
, 000 


,030H 
, OC6H 
, OOOH 
, OCOH 


, 000 
, 006 


, OCOH 
H, 093H 
, OCOH 
, O9AH 


,018 
,03C 


, OOOH 
, OOOH 
, OOOH 
, OOOH 


,O11 
,O1l 


,055H 
,055H 


, ODD 
, ODD 
,018 
,018 


,018H 
,018H 
,018H 
,018H 


, 036 
, 036 


, OOOH 
,036H 
, OOOH 
,018H 


, 036 
, 036 


,036H 
,036H 








,06C 


, OOOH 


,06C 
, 000 


,030H 
,07CH 
, OOOH 
, OOOH 


, 000 
, 000 


, 0C2H 
, 0O6H 
,0C2H 
, O3FH 


,018 
,018 


, OOOH 
, OOOH 
, OOOH 
, OOOH 


,044 
, 044 


, OAAH 
, OAAH 


Ok 
,O77 
,018 
,018 


,018H 
,018H 
,018H 
,018H 


, 036 
, 036 


, OOOH 
,036H 
, OOOH 
,018H 


, 036 
, 036 


,036H 
,036H 








,03E 





, OOOH 
,038H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OC6H 
, OOCH 
, OC6H 
, OO6H 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 
,0O11H 
,0O11H 


,055 
,055 
, ODD 
, ODD 


,018H 
,018H 
,018H 
,018H 
,018H 
,018H 
,036H 
,036H 
, OOOH 
,036H 
, OOOH 
,018H 
,036H 
,036H 
,036H 
,036H 








, 000 


, OOOH 


, 000 
, 000 


,030H 
, OOOH 


, 000 
, 000 
, 000 
, 000 


, OCCH 
,O1FH 
, OCCH 
, OOFH 


,018 
, 000 


,033H 
, OOOH 
, OCCH 
, OOOH 


, 044 
,044 


, OAAH 
, OAAH 


por 
,O77 
,018 
,018 


,018H 
,018H 
, OF 8H 
,018H 


, 036 
, 036 


, OOOH 
,036H 
, OF 8H 
,018H 


, OF 6 
, 036 


,036H 
,036H 








,O7EH, 000 
, 000H, 000 
,07CH, 000 
, 000H, 000 





,030H, 060H 
, 000H, OOOH 


, OFEH, 0CO 
, 000H, 000 
, OFEH, 006 
, 000H, 000 





,018H,030H 
, 000H, OOOH 


,018H, 030 
, 000H, 000 
,018H,018 
, 000H, 000 


, 066H, OCCH 
, 000H, OOOH 


,066H, 033 
,000H, 000 
,011H,044 
,011H,044 
,055H, OAA 
,055H, OAA 
, ODDH, 077 
, ODDH, 077 
,018H,018 
,018H,018 


,018H, OF 8H 
,018H,018H 


,018H, OF8 
,018H,018 
,036H, OF 6 
,036H, 036 
,000H, OF 





GI 


,036H, 036H 


,018H, OF8 
,018H,018 
,006H, OF 6 
,036H, 036 


, 036H, 036H 
,036H, 036H 








9-106 








7166 


7167 


7168 


7169 


7170 


gl7l 


7172 


TS 


7174 


etl sID. 


7176 


pL 


7178 


7179 


7180 


7181 


e162 


7183 


7184 


21,85 


7186 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





OOOH 
036H 


036 
000 
036 


OOOH 


018 
000 
000 
018 


018H 
OOOH 


018 
000 
000 
018 


018H 
018H 


000 
000 
018 
018 


018H 
018H 


036 
036 
036 
000 


OOOH 


036 
036 
000 
000 
036 
036 
036 
000 
000 
036 
036 


018H 
OOOH 








, OOOH 
,036H 
,036H 
, OOOH 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
,018H 
,036H 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
,018H 
, OOOH 








, OOOH 
,036H 
,036H 
, OOOH 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
,018H 
,036H 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 
,036H 
,018H 
, OOOH 








, OOOH 
,036H 


, 036 
, 000 


,036H 
, OOOH 


,018 
, 000 
, 000 
,018 


,018H 
, OOOH 


,018 
, 000 
, 000 
,018 


,018H 
,018H 


, 000 
, 000 
,018 
,018 


,018H 
,018H 
,036H 
,036H 
,036H 


, 000 


, OOOH 
,036H 
,036H 


, 000 
, 000 


,036H 
,036H 
,036H 


, 000 
, 000 


,036H 
,036H 
,018H 
, OOOH 
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, 000 


,036H 
,036H 
, OOOH 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
,018H 
,036H 
,036H 
,036H 
, OOOH 
, OOOH 
,036H 


, 036 


, OOOH 


, 000 


,036H 
,036H 
,036H 


, 000 


, OOOH 


, 036 


,036H 


,018 


, OOOH 








, OFE 





,036H 
, OF 6H 
, OOOH 
,036H 
, OOOH 
, OF 8H 
, OOOH 
, OOOH 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 
,018H 
,O1FH 
,018H 
,036H 
,036H 
,037H 
, OOOH 
, O3FH 
,036H 
,OF7H 
, OOOH 


, OFF 


,036H 
,037H 
,036H 
,OFFH 
, OOOH 


,OF7 


,036H 
,OFFH 
, OOOH 








,006H, OF 6 
,036H, 036 
,006H, OF 
, OOOH, 00 
,036H, OF 


el 


oO 





GI 


, 000H, OOOH 


,018H, OF8 
, 000H, 000 
,000H, OF8 
,018H,018 


,018H, O1FH 
,000H, OOOH 


,018H, OFF 
, 000H, 000 
, 000H, OFF 
,018H,018 


,018H, O1FH 
,018H,018H 


,000H, OFF 
, 000H, 000 
,018H, OFF 
,018H,018 


,018H, O1FH 
,018H,018H 


,036H, 037 
,036H, 036 
,030H, 03F 
, 000H, 000 


,030H,037H 
,036H, 036H 


, 000H, OFF 
, 000H, 000 
,000H, OF7 
,036H, 036 


,030H,037H 
,036H, 036H 


, 000H, OFF 
, 000H, 000 
,000H, OF7 
,036H, 036 
,000H, OFF 








, 000H, OOOH 


9-107 








7187 


7188 


7189 


7190 


2 101 


2192 


7193 


7194 


21-95 


7196 


ee, 


7198 


7199 


7200 


7201 


7202 


7203 


7204 


7205 


7206 


7207 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





036 
000 
000 
018 


OOOH 
036H 


036 
000 
018 
000 


OOOH 
018H 


000 
036 
036 
036 


018H 
018H 


018 
000 
000 
018 


,036H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
,036H 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 


,036H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
,036H 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 


,036H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
,036H 
,018H 
,018H 
,018H 
, OOOH 
, OOOH 
,018H 


,036H 
, OOOH 


, 000 


,018H 
, OOOH 
,036H 
,036H 
, OOOH 
,018H 
, OOOH 
, OOOH 
,018H 
, OOOH 
,036H 
,036H 
,036H 


,018 


,018H 
,018H 
, OOOH 
, OOOH 
,018H 


, 036H 
, OOOH 


, OFF 
,018 


, OOOH 
,036H 
,036H 
, OOOH 


,O1F 
, 000 


,O1FH 
,018H 
, OOOH 
,036H 


, 036 
, 036 


, OFFH 
,018H 
,018H 
, OOOH 


, 000 
,018 


, 036 
, 000 
, 000 
,018 
, 000 


,036H 


, 036 
, 000 
,018 
, 000 


,018H 
,018H 


, 000 
, 036 
, 036 
, 036 
,018 


,018H 


,018 
, 000 
, 000 
,018 


, OFF 
, 000 
, OFF 
,018 
, OFF 


,036H 


, 03F 
, 000 
,O1F 
, 000 


,O1FH 
,018H 


, 03F 
, 036 
, OFF 
, 036 
, OFF 


,018H 


,OF8 
, 000 
,O1F 
,018 





OFE 


H, OFE 


H, OFE 


H, OFE 


H, OFF 


H, OFE 


H, OFF 


H, OFFH 





OFE 
000 


H, OF FH 
, 000H 


, OFE 


, OOOH 


H, OFF 
, 000H 


, OFE 


, OOOH 


,OFFH 
, 000H 


,OFE 
, 000 


H, OF FH 


, OFF 





OFE 


, OFE 


H, OFE 


, OFE 


H, OFE 


H, OFE 


H, OFE 


, OFE 





OFO 
OFO 
OOF 


, OFOH 
, OFOH 
, OOFH 


, OFOH 
, OFOH 
, OOFH 


, OFOH 
, OFOH 
, OOFH 


, OFOH 
, OFOH 
, OOFH 


, OFO 
, OFO 


, OOFH 


, OFO 
, OFO 


, OOFH 


, OFO 
, OFO 


, 0OFH 





OOF 


H, OOF 


H, OOF 


H, OOF 


H, OOF 


H, OOF 


H, OOF 





OFE 
000 
000 
OD8 


OOOH 
OC6H 


000 
0CO 
000 
06C 


OOOH 
030H 
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,OFE 


, OOOH 
, OOOH 


,0D8 


, OOOH 
, OC6H 


, 000 


, OCOH 
, OOOH 
, 06CH 
, OOOH 
, 060H 








H, OFF 
, OOOH 
, OOOH 


, ODC 


,078H 
, OC6H 





, OCOH 
, OOOH 
, 06CH 


, 000 
, OC6 








, OFE 


, OOOH 
, OOOH 
,076H 
, OCCH 
, OCCH 
, OC6H 
, OCOH 


, 000 


, 06CH 











H, OFE 
, OOOH 
, OOOH 
, OOOH 
, OCCH 
, OOOH 
, OC6H 
, OOOH 


, OFE 





, OOOH 
H, OC6H 
H, OOOH 








H, OFE 
, 000H 


,076 
, 000 


, OCCH 
, OOOH 
, OCOH 
, OOOH 


,06C 
, 000 


, 060H 
, OOOH 








H, OFE 


, 000 
, ODC 
, 000 


, OD8H 
, OOOH 


, OCO 
, 000 


, 06CH 


, 000 


,030H 
, OOOH 








H, OOFH 


, 000 
, 000 
,0D8 
, 000 


, OCCH 
, 000H 


, OCO 
, 000 
,06C 
, 000 


,018H 
, OOOH 


9-108 








7208 


7209 


7210 


ete. 


e212 


213 


7214 


F215 


2216 


P2LT 


7218 


22:19 


7220 


7221 


7222 


7223 


7224 


#225 


7226 


7227 


7228 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





OOOH 
OD8H 


000 
066 


OOOH 
018H 
OOOH 
O66H 


000 
0C6 


OOOH 
O6CH 
OOOH 
O66H 


000 
ODB 


OOOH 
OF3H 
OOOH 
060H 


000 
0C6 


OOOH 
OOOH 
OOOH 
018H 


000 
018 


OOOH 
018H 
OOOH 
018H 


018 
OD8 


OOOH 
OOOH 
OOOH 


076 
000 
000 


OOOH 
018H 








, OOOH 
, OD8H 
, OOOH 
,07CH 
, OOOH 
,018H 
, OOOH 
, 03CH 
, OOOH 
, OC6H 
, OOOH 
, 06CH 
, OOOH 
, 066H 
, OOOH 


,O7E 


, OOOH 





, OOOH 
,060H 
, OOOH 
, OC6H 
, OOOH 


, 000 


, OOOH 
, OOOH 
, OOOH 
,030H 
, OOOH 
, OOCH 
, OOOH 
,018H 
,018H 
, OD8H 
, OOOH 
,018H 
, OOOH 


, ODC 


,038H 
, OOOH 
, OOOH 
, OOOH 








, OOOH 
, OD8H 
, OOOH 
,060H 
, OOOH 
,018H 
, OOOH 
,018H 
, OOOH 
, 06CH 
,038H 
, 06CH 


,O1E 





,066H 
, OOOH 
, OOOH 
, OOOH 
H, 060H 
, O1CH 
,030H 
, OOOH 
, OC6H 
, OOOH 





, OOOH 


, 000 


, OOOH 


, 000 


, OOOH 
, OOOH 





,018H 
,018H 
, OD8H 
, OOOH 
,018H 
, OOOH 
, OOOH 
, 06CH 
, OOOH 
, OOOH 
, OOOH 








, OOOH 
,070H 


, 000 
, 060 


, OOOH 
,018H 

















,O1BH 
,018H 


,018 
,070 


, OOOH 
, OOOH 
, OOOH 
, OOOH 


,06C 
, 000 


, OOOH 
, OOOH 
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, OOOH 
, OOOH 
,066H 
, OCOH 
,076H 
, OOOH 
,018H 
, OOOH 
, 06CH 
, OOOH 
H, OC6H 
EH, OOOH 
H,018H 
H, OOOH 


, 000 
, 000 


H, 00 6H 
H, OOOH 
H, 060H 
H, OOOH 
, OC6H 
, OOOH 





H, OOOH 
H,018H 
, OOOH 
,018H 
, OOOH 
H,018H 
H, OOOH 
,01BH 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 
, OOOH 
, OOOH 
,038H 
, OOOH 
, OOOH 
, OOOH 








,O7E 





, OOOH 
, 066H 
, OOOH 
, ODCH 
, OOOH 
, 03CH 
, OOOH 
, OC6H 
, OOOH 
, OC6H 
, OOOH 
, OOCH 
, OOOH 


,O7E 
, 000 





, OOOH 
,060H 
, OOOH 
, OC6H 
, OOOH 
H, OOOH 
, OOOH 
,018H 
, OOOH 
, OOCH 
, OOOH 
,030H 
, OOOH 
,018H 
,018H 
,018H 
, OOOH 
,018H 
, OOOH 


,076 


, OOOH 
, OOOH 
, OOOH 
, OOOH 
, OOOH 








, OD8H, 0OD8 
, 000H, 000 
,066H, 066 
, 000H, 000 


,018H,018H 
, 000H, OOOH 


,066H, 066 
, 000H, 000 
, OC6H, OF 
, 000H, 000 





ra 


, OC6H, 06CH 
, 000H, OOOH 


, 0O3EH, 066 
, 000H, 000 
, ODBH, ODB 
, 000H, 000 





H, OCFH, ODB 
,000H, OOOH 


,07CH, 060 
, 000H, 000 
, OC6H, 0C6 
, OOOH, 000 
,000H, OF 





GI 


, 000H, OOOH 





,O7EH, 018 
, 000H, 000 
, 006H, OOC 
, 000H, 000 


,060H, 030H 
, 000H, OOOH 


,018H,018 
,018H,018 
,018H,018 
, 000H, 000 
, 000H, 071 





GI 


, 000H, OOOH 


, ODCH, 000 
, OOOH, 000 
, 000H, 000 
, OOOH, 000 


,000H, 018H 
, 000H, OOOH 








9-109 








2229 


7230 


Peo 


7232 


7233 


7234 


7235 


7236 


7237 


7238 


7239 


7240 


7241 


7242 


7243 


7244 


7245 


7246 


7247 


7248 


7249 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 





000H, OOOH, 000H, 000H, 000H, 000H, 000H, OOOH 
018H, 000H, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH ; 250 
000H, OOFH, OOCH, 00CH, 00CH, 0O0CH, 00CH, 0 
06CH, 06CH, 03CH, 01CH, 000H, OOOH, OOOH, OOOH ;251 
OOOH, OD8H, 06CH, 06CH, 06CH, 06CH, 06CH, 000H 
000H, OOOH, OOOH, 000H, OOOH, OOOH, OOOH, OOOH 7252 
000H, 070H, 098H, 030H, 060H, OC8H, OF 8H, 000H 
000H, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH 7253 
OOOH, OOOH, OOOH, 000H, 07CH, 07CH, 07CH, 07CH 
07CH, 07CH, 07CH, OOOH, OOOH, OOOH, OOOH, OOOH ;254 
000H, OOOH, 000H, 000H, 000H, 000H, 000H, OOOH 
000H, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH, OOOH 7255 





Gl 
Q 
I 


















































_DATA ENDS 


end 


9.17.5 Loading and Reading the Palette 


// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 


KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


PAL_XMPL.CPP 








THIS PROGRAM DEMONSTRATES THE DIRECT METHOD OF WRITING TO TH 
DAC TABLE, BYPASSING THE PC VGA BIOS CALLS. 














PALETTE 








r 

















CJ 



































THE PALETTE DAC TABLE CONSISTS OF 256 ENTRIES, PLUS 3 EXTENDED ENTRIES 
ADDRESSE WITH SR12[3]. 

















THE FOLLOWING IO REGISTERS CONTROL THE PALETTE: 
OX3C6 PIXEL MASK REGISTER 
OX3C7 PALETTE READ INDEX (WRITE ONLY)/DAC STATE REGISTER(READ ONLY) 
OX3C8 PALETTE WRITE INDEX (WRITE ONLY) 
OX3C9 PALI E DATA (READ/WRITE) 








r 





r 







































































tA 
KH 
H 
oa 

















tA 
cA 
I 








r 





r 








R EVERY THRI 


























THE INDEX REGISTERS 0X3C7/0X3C8 AUTOMATICALLY INCREMENT AFT! 
READS OR WRITES TO OR FROM OX3C9. 











tA 
eal 
CA 


PALETTE DATA CONSISTS OF 1 BYTE EACH OF RED, GREEN AND BLUE. 
IN EACH BYTE, HOWEVER, ONLY 6 BITS ARE USED, GIVING 18 BITS FOR EACH 
PALETTE ENTRY. 





















































A 














COMPILED AND TESTED USING BORLAND C++ 4.5 


KKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 











#include <dos.h> 
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// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// 


Overscan_Cycle_Colors 


Q) 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKEK 


void Overscan_Cycle_Colors( void ) 


{ 


unsigned char sr12; 


// SR12[1] ENABLE 








ACCESS TO DAC 








Ox3c4, 
inportb ( 
Ox3c5, 


0x12 
Ox3c5 
srl2 


outporth ( 
sr12 


outporth ( 


[J 


// WRIT! 
outporth ( 





RED 

Ox3c8, 

Ox3c9, 

Ox3c9, 

Ox3c9, 
\; 








0x02 
Ox3f 
0); 
0); 


outporth ( 
outporth ( 
outporth ( 
delay( 500 


// WRITE 





r 


ALL GRE 
Ox3c8, 
Ox3c9, 
Ox3c9, 
Ox3c9, 
\; 





EN 

0x02 
0); 
Ox3f 
0); 








outporth ( 
outporth ( 
outporth ( 
outporth ( 


delay( 500 


r 
[J 


// WRITE 
outporth ( 





ALL BLU 
Ox3c8, 
Ox3c9, 
Ox3c9, 
Ox3c9, 
\; 








0x02 
0); 
0); 
Ox3f 


outporth ( 
outporth ( 
outporth ( 


delay( 500 


); 
) | 
Jey 


0x82; 





// SR12[1] DISABL 





Tr 


ACC 





ESS TO DAC 





Ox3c4, 0x12 
inportb( 0x3c5 
Ox3c5, srl12 


outporth ( 
sr12 


outporth ( 


}; // Overscan_Cycle_Col 


Nee 
) 
ez 


& ~0x82; 


ors () 


EXTE 





ED COLO 


RS 





// 
// 
// 





// 














D SET S$ 





R12[1] 





EW VALU! 


[7] 





ADDRI 





ESSABLE 





AS 


X2H 





// ADDR 





ESSABLE 





r 


AS 


X2H 





// ADDR 


EXT 





END 





ESSABLE 


r 





AS 


X2H 








ED COLORS 





// 8S 


// R 


// W 


R12 
KAD 





RIT] 


AN 


[7] 





D SET S 








R12[1] 





EW VALU! 





// KKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKK 
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ff Palette_Read() 
// THIS FUNCTION READS THE ENTIRE PALETTE AND STORES IT IN <PALETTE> 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 









































void Palette_Read( unsigned char* palette ) 
{ 
unsigned char srl12; 


int x, Pp; 




















GI 





outporth( 0x3c7, 0x00 ); // SET PALETTE READ INDEX : START WITH 0 


for ( x = 0, p = 0; x < 256; xt+ ) 
{ 











palette[pt+] = inportb( 0x3c9 ); // READ RED 
palette[pt+] = inportb( 0x3c9 ); // READ GREEN 
palette[pt+] = inportb( 0x3c9 ); // READ BLUE 










































































// SR12[1] : ENABLE ACCESS TO DAC EXTENDED COLORS 
outportb( 0x3c4, 0x12 ); // SR12 

srl2 = inportb( 0x3c5 ) | 0x02; // READ AND SET SR12[1] 
outportbh( 0x3c5, srl2 ); // WRITE NEW VALUE 

// READ DAC LUT ENTRY 256 -- HW CURSOR BACKGROUND 
outportb( 0x3c7, 0x00 ); // ADDRESSABLE AS XOH 
palette[pt+] = inportb( 0x3c9 ); // READ RED 








palette[pt++] = inportb( 0x3c9 ); // READ GREEN 
nportb( 0x3c9 ); // READ BLUE 














h- 


palette[ptt] = 















































// READ DAC LUT ENTRY 257 -- HW CURSOR FOREGROUND 
outportb( 0x3c7, Ox0f ); // ADDRESSABLE AS XFH 
palette[pt+] = inportb( 0x3c9 ); // READ RED 
palette[pt++] = inportb( 0x3c9 ); // READ GREEN 
palette[pt+] = inportb( 0x3c9 ); // READ BLUE 




































































// READ DAC LUT ENTRY 256 -- OVERSCAN BORDER 

outportb( 0x3c7, 0x02 ); // ADDRESSABLE AS X2H 
palette[pt+] = inportb( 0x3c9 ); // READ RED 
palette[pt++] = inportb( 0x3c9 ); // READ GREEN 
palette[pt+] = inportb( 0x3c9 ); // READ BLUE 

// SR12[1] : DISABLE ACCESS TO DAC EXTENDED COLORS 
outportb( 0x3c4, 0x12 ); // SR12 
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sr12 = inportb( 0x3c5 ) & ~0x02; // READ AND SET SR12[1 
outportb( 0x3c5, srl12 ); // WRITE NEW VALUE 

















7] 
Z 





}; // Palette_Read () 


] 


‘f/f KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// Palette Write () 
// THIS FUNCTION WRITES THE ENTIRE PALETTE AND STORES IT IN <PALI 





























ETTE> 








// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 





void Palette_Write( unsigned char* palette ) 
{ 
unsigned char srl12; 


int x). pF 


outportb( 0x3c8, 0x00 ); // SET PALETTE READ IND! 

















GI 





for ( x = 0, p = 0; x < 256; xt+ ) 
{ 






























































































































































outportbh( 0x3c9, palette[ptt] ); // WRITE RED 
outportb( 0x3c9, palette[ptt+] ); // WRITE GREEN 
outportb( 0x3c9, palette[ptt+] ); // WRITE BLUE 
} 
// SR12[1] : ENABLE ACCESS TO DAC EXTENDED COLORS 
outportb( 0x3c4, 0x12 ); // SR12 
srl2 = inportb( 0x3c5 ) | 0x02; // READ AND SET SR12[1 
outportbh( 0x3c5, srl2 ); // WRITE NEW VALUE 
// READ DAC LUT ENTRY 256 -- HW CURSOR BACKGROUND 
outportb( 0x3c8, 0x00 ); // ADDRESSABLE AS XOH 
outportb( 0x3c9, palette[p+t+] ); // WRITE RED 
outportb( 0x3c9, palette[ptt+] ); // WRITE GREEN 
outportb( 0x3c9, palette[ptt+] ); // WRITE BLUE 
// READ DAC LUT ENTRY 257 -- HW CURSOR FOREGROUND 
outportb( 0x3c8, Ox0F ); // ADDRESSABLE AS XFH 
outportbh( 0x3c9, palette[p+t+] ); // WRITE RED 
outportb( 0x3c9, palette[ptt+] ); // WRITE GREEN 
outportbh( 0x3c9, palette[p+t+] ); // WRITE BLUE 
// READ DAC LUT ENTRY 258 -- OVERSCAN BORDER 
outportb( 0x3c8, 0x02 ); // ADDRESSABLE AS X2H 
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outportb( 0x3c9, palette[pt++] ); // WRITE RED 

outportbh( 0x3c9, palette[p++] ); // WRITE GREEN 
outportb( 0x3c9, palette[ptt+] ); // WRITE BLUE 

// SR12[1] DISABLE ACCESS TO DAC EXTENDED COLORS 
outportb( 0x3c4, 0x12 ); // SR12 

sr12 = inportb( 0x3c5 ) & ~0x02; // READ AND SET SR12[1] 
outportb( 0x3c5, srl2 ); // WRITE NEW VALUE 


hy // Palette _Write() 





















































































































































ffi KKEKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKEKEKEK 
// Palette_Entry_Read () 
// KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KEKKK 
void Palette_Entry_Read( unsigned int index, unsigned char temp[3] ) 
{ 

outporthb( 0x3c7, index ); 

temp[0] = inportb( 0x3c9 ); // READ RED 

temp[1] = inportb( 0x3c9 ); // READ GREEN 

temp[2] = inportb( 0x3c9 ); // READ BLUE 
}; // Palette_Entry_Read () 
// KKEKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKEKKEK 
// Palette_Entry_Write() 
// KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KEKKEK 
void Palette_Entry_Write( unsigned int index, unsigned char temp[3] ) 
{ 

outportb( 0x3c8, index ); 

outportb( 0x3c9, temp[0] ); // WRITE RED 

outportbh( 0x3c9, temp[1] ); // WRITE GREEN 

outportb( 0x3c9, temp[2] ); // WRITE BLUE 
}; // Palette_Entry_Write() 
// KKEKKKKKK KKK KKK KKK KKK KKK KEK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKEKEK 
// Palette_Cycle_Up() 
// LOWER PALETTE ENTRIES MIGRATE UP THE PALETTE, WRAPPING AROUND AT 255. 
// PALETTE.RED_GREEN_BLUE[N + 1] <-- PALETTE.RED_GREEN_BLUE[N] 
// KKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KEKEKEK 
void Palette_Cycle_Up( void ) 
{ 

int index; 

unsigned char temp[3]; 
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// SET PALETTE READ INDEX : START WITH FF 
Palette_Entry_Read( Ox00ff, temp ); 























for ( index = Oxfe; index >= 0; index-— ) 
{ 


unsigned char temp[3]; 


Palette_Entry_Read( index, temp ); 





Palette_Entry_Write( index + 1, temp ); 


Palette_Entry_Write( 0x0000, temp ); 
}; // Palette_Cycle_Up () 





// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKK 


// Palette_Cycle_Down () 
// HIGHER PALETTE ENTRIES MIGRATE DOWN THE PALETTE, WRAPPING AROUND AT 0. 
// PALETTE.RED GREEN _BLUE[N] <-- PALETTE.RED GREEN BLUE[N + 1] 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 














r 







































































void Palette_Cycle_Down( void ) 














{ 
int index; 
unsigned char temp[3]; 
Palette_Entry_Read( 0x0000, temp ); 
for ( index = 0x00; index < Oxff; indext+ ) 
{ 
unsigned char temp[3]; 
Palette_Entry_Read( index + 1, temp ); 
Palette_Entry_Write( index, temp ); 
} 
Palette_Entry_Write( Ox00ff, temp ); 
i // Palette_Cycle_Down () 


Ty: KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


// main () 


// KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKAKKKKKKK 


void main( void ) 
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int x; 


unsigned char old_pal[777], black_pal[777], white_pal[777]; 


for ( x = 0; x < 768; x+t++ ) 
{ 




































































black_pal[x] = 0; // WRITE ZERO TO EVERY BYTE 
white_pal[x] = 0x3f; // TURN ON ALL 6 BITS OF EVERY BYTE 
} 
outportb( O0x3c6, Oxff ); // ENABLE ALL PIXEL DATA 
Overscan_Cycle_Colors(); // CYCLE BORDER COLOR RED, GREEN, BLUE 
Palette_Read( old_pal ); // READ ORIGINAL PALETTE 

















// TURN SCREEN BLACK 
Palette_Write( black_pal ); 


r 











// TURN SCREEN WHITE 
Palette_Write( white_pal ); 


r 








// SCREEN FLICKERS WITH DIFFERENT COLOR BACKGROUND AND FOREGROUND 
Palette_Write( old_pal ); // RESTORE ORIGINAL PALETTE 
for (x = 0; x < 256; xt++ ) Palette_Cycle_Up(); 











r 
















































































// SCREEN FLICKERS WITH DIFFERENT COLOR BACKGROUND AND FOREGROUND 
Palette_Write( old_pal ); // RESTORE ORIGINAL PALETTE 
for (x = 0; x < 256; xt+ ) Palette_Cycle_Down(); 

















// RESTORE ORIGINAL PALETTE 
Palette_Write( old_pal ); 





}; // main() 
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10. DETAILED PIN DESCRIPTIONS 


Many of the pins on the CL-GD5480 are multi-purpose and pin types vary according to function. 
Each multi-purpose pin appears in two or more of the following tables. In each table, the pin type 
reflects the use described in that table. The following abbreviations are used for pin type in the 
following tables: (I) indicates input; (O) indicates output; (O-Z) indicates tristate output; (OC) indi- 
cates open-collector output; (BIO) indicates bidirectional I/O. 


Refer to Section 1 and Section 1.1 in Chapter 3, “Data Book” for more pin information. 


10.1 Host Interface 


Name 


IDSEL 


Type 


Description 


INITIALIZATION DEVICE SELECT: This input is a chip select in lieu of the upper 24 
address lines during configuration read and write cycles. 





RST# 


RESET#: This active-low input initializes the CL-GD5480 to a known state. The trail- 
ing (rising) edge of this input loads the Configuration register CF[7:1] with the levels 
on GPIOD[6:0]. These levels are determined by internal pull-up resistors and 
optional external pull-down resistors. In addition, PCI2C is loaded from the BIOS 
ROM and the P bus. 





PCICLK 


CLOCK: This is the host bus timing reference for the CL-GD5480. All PCI timing, 
including BIOS ROM accesses and GPIO accesses reference this clock. 





GNT# 


GRANTH: This signal indicates to the agent that bus access is granted. This is a 
point-to-point signal. Every master has its own GNT#. 





FRAME# 


BIO 


FRAME#: This active-low signal indicates the beginning and duration of a (burst) 
access. FRAME is asserted to indicate the beginning of a bus transaction. While 
asserted, data transfers continue. When the transaction is in its final data phase, 
FRAME# goes not active. The CL-GD5480 drives FRAME# when it is a bus master. 





IRDY# 


BIO 


INITIATOR READY#: This active-low signal indicates the initiating agent’s (the bus 
master) ability to complete the current data phase of the transaction. A data phase is 
completed on any clock that both IRDY# and TRDY# are sampled. During a write, 
IRDY# indicates that valid data is present on AD[31:0]. During a read, IRDY# indi- 
cates the bus master is ready to accept data. Wait cycles are inserted until both 
IRDY# and TRDY# are asserted together. 





TRDY# 


BIO 


TARGET READY#: This active-low signal indicates the target agent’s (the selected 
device) ability to compete the current data phase of the transaction. TRDY# is used 
in conjunction with IRDY#. A data phase completes on any clock that both TRDY# 
and IRDY# are sampled. During a read, TRDY# indicates that valid data is present 
on AD[31:0]. During a write, TRDY# indicates the target is prepared to accept data. 
Wait cycles are inserted until both TRDY# and IRDY# are asserted together. The 
CL-GD5480 uses TRDY# as an input for ‘snooped’ palette cycles and when it is a 
bus master. As an output, this is a sustained tristate as defined in the PCI specifica- 
tion. 





DEVSEL# 


BIO 


DEVICE SELECTH#: This active-low signal indicates the driving device has decoded 
its address as the target of the current access. The CL-GD5480 uses DEVSEL# as 
an input when it is a bus master. When palette snooping is enabled, DEVSEL+# is not 
made active for palette cycles. As an output, this is a sustained tristate as defined in 
the PCI specification. 
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10.1. Host Interface (cont.) 


Name Type 


Description 





STOP# BIO 


STOP#: This active-low signal indicates the target is requesting the master to stop 
the current transaction. This pin is an input for ‘snooped’ palette cycles and when it is 
a bus master. As an output, this is a sustained tristate as defined in the PCI specifi- 
cation. 





PAR O 


PARITY: This signal provides even parity across AD[31:0] and C/BE[3:0]#. Parity 
generation is required for all PCI agents. The CL-GD5480 does not check bus parity. 





REQ# O 


REQUEST#: This signal indicates to the arbiter that this agent desires use of the 
bus. This is a point-to-point signal. Every master has its own REQ#. 





INTA# OC 


INTERRUPT REQUEST#: This open-collector output is driven low when the 
CL-GD5480 is claiming an interrupt (CF4), GR17[2] is ‘1’, and an interrupt request is 
pending. This pin is always connected to INTA#. 





CBE[3:0}# BIO 


COMMAND AND BYTE ENABLE[3:0]#: These multiplexed pins transfer bus com- 
mands and byte enables during any memory or I/O operation on the PCI bus. These 
pins connect directly to CBE[3:0]# on the PCI bus. During the address phase of the 
operation, CBE[3:0]# define the bus command (refer to the following table). The final 
column indicates the commands that the CL-GD5480 executes as a bus master. 
During the data phase(s), they are the Byte Enable outputs. CBEO# applies to byte 0 
and CBE3# applies to byte 3. 





CBE3#2 | CBE2# | CBE1# | CBEO# | Command Type | Bus Master 


0 0 1 0 /O Read 





0 0 1 1 I/O Write 





0 1 1 0 Memory Read 





0 1 1 1 Memory Write Vv 





Configuration 
Read 





Configuration 
Write 





























@ CBE values not in this table are not recognized by the CL-GD5480 during 
the address phase. 





AD[31:0] BIO 


ADDRESS AND DATA [31:0]: These multiplexed, bidirectional pins transfer system 
address and data during any memory or I/O operation on the PCI bus. These pins 
connect directly to AD[31:0] on the PCI bus. During the first clock of a transaction, 
these pins contain a 32-bit physical byte address. During subsequent clocks, they 
contain data. 





Copyright 1996 — Cirrus Logic Inc. 


10-3 November 1996 


DETAILED PIN DESCRIPTIONS 


10.2 BIOS ROM 


CL-GD5480 Technical Reference Manual 


Description 





BIOS ADDRESS [15:0]: These outputs are latched from the AD[31:0] bus during 
the address phase of a BIOS ROM read and drive the address of the display system 
BIOS ROM. These signals are connected directly to the address inputs of an 8-bit 
ROM. This provides compliance with the PCI ‘one-load’ specification. 

These pins are also used as the pixel bus and various others. See Table 1-10 in 
Section 1.1 of Chapter 3, “Data Book”, for a complete list of all pins with multiple 
uses. 





BIOS DATA [7:0]: These inputs transfer data during a display system BIOS opera- 
tion. These pins are connected directly to the data outputs of an 8-bit ROM. These 
pins are also used as the GPIOD address/data bus. Additional information regarding 
the reuse of these pins can be found in Section 10.6. 





Name Type 
BIOSA[14:0] oO 
BIOSD[7:0] | 
EROM# oO 


Enable ROM#: This pin is driven low when PCI30[0] is ‘1’ and a transaction has 
been started with the address of the EPROM specified in PCI30. This allows the 
EPROM to drive data into BIOSD[7:0], then onto the PCI data bus. 
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10.3. Display Memory Interface 


Description 





Synchronous GRAM Clock: This output drives the clock into the SGRAM array. 
The frequency of this clock is programmable. All signals in the SGRAM interface are 
referenced to the rising edge of this clock. This pin is connected to the CLK inputs of 
all SGRAMs. If GPIOD[6] is pulled down at reset, this pin will be an input. This mode 
is intended for factory testing only. This pin is not 5-V tolerant. 


Row Address Strobe: This output is used with CAS# and WE# to specify the com- 
mand to the SGRAM array. This output is connected to the RAS# input of all 
SGRAMs. This output is synchronous with SMCLK. This pin is not 5-V tolerant. 





Column Address Strobe: This output is used with RAS# and WE# to specify the 
command to the SGRAM array. This output is connected to the CAS# input of all 
SGRAMS. This output is synchronous with SMCLK. This pin is not 5-V tolerant. 





Chip Select 0#: This output is used to select the first 2-Mbyte bank of SGRAM. See 
Appendix B3, “Memory Configurations”, for connection tables for various SGRAM 
configurations. This output is synchronous with SMCLK. This pin is not 5-V tolerant. 





Chip Select 1#: This output is used to select the second 2-Mbyte bank of SGRAM, 
or as MA8 for 512K x 32 devices. See Appendix B3 for connection tables for various 
SGRAM configurations. This output is synchronous with SMCLK. This pin is not 5-V 
tolerant. 


Write Enable: This output is used with RAS# and CAS# to specify the command to 
the SGRAM array. This output is connected to the WE# input of all SGRAMs. This 
output is synchronous with SMCLK. This pin is not 5-V tolerant. 





DQ Mask Enable [7:0]#: These eight outputs are used to control the word mask for 
SGRAM writes and to control the output enables for SGRAM reads. See 
Appendix B3 for connection tables for various SGRAM configurations. These out- 
puts are synchronous with SMCLK. These pins are not 5-V tolerant. 





Memory Address [9:0]: These ten outputs specify the address of the location in the 
SGRAM array to be accessed. See Appendix B3 for connection tables for various 
SGRAM configurations. These outputs are synchronous with SMCLK. These pins 
are not 5-V tolerant. 





Name Type 
SMCLK O 
RAS# O 
CAS# O 
CSO# O 
CS1# O 
WE# O 
DQM[7:0]# O 
MA\9:0] O 
MD[63:0] BIO 


Memory Data [63:0]: These pins transfer data between the SGRAM array and the 
CL-GD5480. See Appendix B3 for connection tables for various SGRAM configura- 
tions. These pins are synchronous with SMCLK, both as inputs and outputs. These 
pins are not 5-V tolerant. 
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10.4 Monitor Interface 


Name 


Type 
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Description 





VSYNC 


BIO 


VERTICAL SYNC: This output supplies the vertical synchronization pulse to the 
monitor. The polarity of this output is programmable. This pin is put into high-imped- 
ance when ESYNC# is low. This pin is an input when VSYNC GENLOCK is enabled. 





HSYNC 


BIO 


HORIZONTAL SYNC: This output supplies the horizontal synchronization pulse to 
the monitor. The polarity of this output is programmable. This pin is put into high- 
impedance when ESYNG# is low. This pin is an input when HSYNC GENLOCK is 
enabled. 





RED 


RED VIDEO: This analog output supplies current corresponding to the red value of 
the pixel being displayed. Each of the three DACs consists of 255 summed current 
sources. For each pixel, either the 6- or 8-bit value from the LUT or an appropriately 
sized true-color value is applied to each DAC input to determine the number of cur- 
rent sources to be summed. 


Each DAC output is typically terminated to monitor ground with a 75-Q, 2% resistor. 
This resistor, in parallel with the 75-Q resistor in the monitor, yields a 37.5-Q imped- 
ance to ground. 


The full-scale current is determined by the resistor connected to REXT, typically 
135 Q. Equations relating to the value of this resistor are given in Appendix B4, 
“Current Reference”. 





GREEN 


GREEN VIDEO: This analog output supplies current corresponding to the green 
value of the pixel being displayed. See the description of RED for pin termination 
information. 





BLUE 


BLUE VIDEO: This analog output supplies current corresponding to the blue value 
of the pixel being displayed. See the description of RED for pin termination informa- 
tion. 





IREF 


Analog 


CURRENT REFERENCE: This pin is connected to capacitors returned for 
DACVDD. This capacitance stabilizes the DAC current reference. Refer to 
Appendix B2, “PCI Bus Reference Design”, for capacitor value information. 





RSET 


Analog 


FULL-SCALE CURRENT REFERENCE: This pin is connected to a resistor that 
sets the full-scale DAC current. This resistor is returned to DACVSS. The typical 
value for this resistor is 135 Q. 








November 1996 


10-6 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual DETAILED PIN DESCRIPTIONS 


10.5 Pass-Through Connector 


Description 





BLANK#: When the video pins are configured for the feature connector, ESYNC# 
controls this bidirectional pin. If ESYNC# is high, BLANK# is an output. As an out- 
put, BLANK# supplies a blanking signal to the feature connector. The same term is 
used internally as the DAC blanking term. 


If ESYNC# is low, BLANK# is an input. When BLANK# is active-low, the RED, 
GREEN, and BLUE outputs are forced to ‘0’ current. 


When the video pins are configured for video capture (CR50[1:0]), this pin is the 
HREF Input. 


This pin is also used as BIOSA8. 





PIXEL BUS [7:0]: When the video pins are configured for the feature connector, 
these bidirectional pins are controlled by EVIDEO#. If EVIDEO# is high, these pins 
are outputs and reflect the address into the palette DAC, or a single byte of pixel 
data in 16- and 24-bpp modes. 


If EVIDEO# is low, these pins are inputs and can be used to drive pixel values into 
the palette DAC. 


When the video pins are configured for video capture (CR50[1:0]), these pins are 
the PIXD[7:0] inputs. 


When the CL-GD5480 is configured for GPIO, the levels on these pins are loaded 
into PCI2C[31:24] at reset time. 


These pins are also used as BIOSA|7:0]. 





DOT CLOCK: When the video pins are configured for the feature connector, this 
bidirectional pin is controlled by EDCLK#. If EDCLK# is high, this is an output and 
externally latches the data on the Pixel bus. 


If EDCLK# is low, this is an input and can clock data on the Pixel bus into the 
CL-GD5480. 


When the video pins are configured for video capture (CR50[1:0], this pin is the 
PIXCLK input. 


When a pull-down resistor is installed on GPIOO (CF1), this pin powers up in the 
high-impedance state. 





ENABLE SYNC AND BLANK#: When the video pins are configured for the feature 
connector, this input controls the buffers on HSYNC, VSYNC, and BLANK#. If 
ESYNC# is high, these three pins are outputs. If ESYNC# is low, BLANK# is an 
input, and HSYNC and VSYNC are not driven by the CL-GD5480. This pin is con- 
nected to the corresponding pin on the feature connector with a 1-kQ series resistor. 


This pin is also used as BIOSA13. 





Name Type 
BLANK# BIO 
P[7:0] BIO 
DCLK BIO 
ESYNC# | 
EVIDEO# | 


ENABLE VIDEO#: When the video pins are configured for the feature connector, 
this input controls the buffers on P[7:0]. If EVIDEO# is high, P[7:0] are outputs. If 
EVIDEO# is low, P[7:0] are inputs. This pin is connected to the corresponding pin on 
the feature connector with a 1-kQ series resistor. 


When the video pins are configured for video capture (CR50[1:0]), this pin is an 
input used for VACT. 


This pin is also used as BIOSA14. 
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10.5 Pass-Through Connector (cont.) 


Name Type 


Description 





EDCLK# | 


ENABLE DOT CLOCK#: When the video pins are configured for the feature con- 
nector, this input controls the buffer on DCLK. If EDCLK# is high, DCLK is an output. 
If EDCLK# is low, DCLK is an input. This pin is connected to the corresponding pin 
on the feature connector with a 1-kQ series resistor. 


When the video pins are configured for video capture (CR50[1:0]), this pin is the 
VREF input. 


This pin is also used as BIOSA12. 








10.6 General-Purpose I/O 


Name Type 


Description 





GPIOD[7:0] BIO 


GENERAL PURPOSE I/O DATA [7:0]: This is the multiplexed GPIO address and 
data bus. These pins drive the address and OUT[1:0] to be latched with GPIOAS# 
and then serve as the GPIO data bus. See Appendix B11, “General-Purpose |/O”. 


These pins are multiplexed as BIOSD[7:0]. 
These pins are also used as configuration pins. 
The level on GPIODO can be sensed in GR17[7]. 





GPCS# O 


GENERAL PURPOSE I/O CHIP SELECTH#: This pin is the active-low peripheral 
chip select for the general-purpose I/O port. See Appendix B11 for detailed timing 
information. 





GPIOAS# O 


GPIOWR# O 


GENERAL PURPOSE I/O ADDRESS STROBE#: This pin is the active-low 
address strobe for the general-purpose I/O port. This output is used to externally 
latch the address and controls. See Appendix B11 for detailed timing information. 
This pin is also used as BIOSA11. 


GENERAL PURPOSE IO WRITE#: This pin is the active-low write command to the 
peripheral chip on the general-purpose I/O port. If the GPIO port is configured for 
DS# operation, this pin is GPIODS#. This pin is also used as BIOSAQ. 





GPIORD# O 


GENERAL PURPOSE IO READ#: This pin is the active-low read command to the 
peripheral chip on the general-purpose I/O port. If the GPIO port is configured for 
DS# operation, this pin is GPIOR/W#. This pin is also used as BIOSA10. 





GPRDY/DT | 


GENERAL PURPOSE READY/DTACK: This pin is the output from the peripheral 
chips that indicates a compete cycle on the general-purpose I/O port. 
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10.7 


10.8 


V-Port™ 


Name Type 


DETAILED PIN DESCRIPTIONS 


Description 





VACT | 


VREF | 


VIDEO ACTIVE: This input indicates that PIXCLK is accompanied by valid data. 
This pin is also used as BIOSA14 and EVIDEO#. 


VERTICAL REFERENCE: A falling edge on this input indicates the end of the cur- 


rent capture field and the beginning of the next capture field. The sense of HREF at 
this edge indicates whether the current capture field is defined as odd or even. This 
pin is also used as BIOSA12 and EDCLK#. 





HREF I 


HORIZONTAL REFERENCE: An active edge of this input indicates the end of the 
current capture scanline and the beginning of the next. The active edge is program- 
mable. This pin is also used as BIOSA8 and BLANK#. 





PIXCLK | 


PIXEL CLOCK: This clock is the reference for data on the PIXD bus. This clock can 
be programmed to capture data on either or both edges. This pin is also used as 
DCLK. 





PIXD[7:0] | 


PIXEL DATA [7:0]: This is the pixel data input bus. These pins are also used as 
BIOSA[7:0] and P[7:0]. 








Miscellaneous Pins 











Name Type Description 

OSC I OSCILLATOR: This is the reference input for the frequency synthesizers. This pin 
can be used with XTAL for a two-pin crystal controlling the internal oscillator or it can 
be driven with an external reference. The nominal frequency is 14.31818 MHz. 

XTAL Analog CRYSTAL: This pin can drive the reference crystal when the on-chip oscillator is in 
use. 

lI2CDAT BIO I2C DATA: This pin is the 12C data pin. The CL-GD5480 drives this pin low when 
SR8[1] is ‘0’. The level on this pin can be sensed in SR8[7]. 

lI2CCLK BIO I2C CLOCK: This pin is the I2C clock pin. The CL-GD5480 drives this pin low when 
SR8[0] is ‘0’. The level on this pin can be sensed in SR8[2]. 

MISC O-Z MISCELLANEOUS: If GR18[7] is 0, this pin is inactive. If GR18[7] is ‘1’, this pin is 


an output whose function depends on GR18{[6]. If GR18[6] is ‘0’, this pin reflects the 
BitBLT busy status. If GR18[6] is ‘1’, this pin reflects the state of the color key com- 
pare. See the description of GR18 in Section 8.27 on page 8-36. 
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Description 





POWER (Logic): These six pins supply +3.3 volts to the digital logic of the 
CL-GD5480. Each pin must be connected to the power cutout in the power plane 
and described in Appendix B2, “PCI Bus Reference Design”. Each pin must be 
bypassed to ground with a 0.1-uF capacitor, with proper high-frequency characteris- 
tics, placed as close to the pin as possible. 


GROUND (Logic): These 15 pins supply the ground reference to the digital logic in 
the CL-GD5480. Each pin must be connected to the ground plane. 





POWER (DAC): These two pins supply +3.3 volts to the palette DAC. Each pin must 
be connected directly to the power plane and bypassed to DACVSS with a 0.1-uF 
capacitor. 


GROUND (DAC): These two pins supply the ground reference to the palette DAC. 
These pins must be connected to the DACVSS cutout described in Appendix B2. 





Name Type 

VDD[12:1] Power 
VSS[15:1] Ground 
DACVDD[2:1] Power 
DACVSS[2:1] Ground 
CLKVDD Power 
CLKVSS Ground 


POWER (VCLK): This pin supplies +3.3 volts to the VCLK synthesizer. The supply 
to this pin must be isolated with an RC filter as described in Appendix B2. The filter 
capacitors on this pin must be returned to the CLKVSS cutout. 


GROUND (VCLK): This pin supplies the ground reference to the VCLK synthesizer. 
This pin must be connected to CLKVSS cutout described in Appendix B2. 
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11. ELECTRICAL SPECIFICATIONS 


11.1. Absolute Maximum Ratings 


Ambient temperature Under Dias. ..............::::ecccceeceeeeseeeeeeeeeeeeeeeeeeeneeeeneneesessseeeeesneneeeeees 0°C to 70°C 
SlOKAGS TMP S FALUN s,s in ses caine nde caited sa taestecnes dee sea tibseanadn oe aoe Bos ead te erated —65°C to 150°C 
WOITEAGS OE ATA” ONIN coals oie cchecn aca ace eeesaannaten Actes aqemaeceemnananeeeausece See areas GND -0.5 V to Veg + 0.5 V 
Voltage‘on any 5 Volt tolerant, PIMs vecccceses:csccceeeceseves see senteea tenses decnneeenteeasetneseee GND -0.5 V to 5.5 V 
POWGEr SUD DIY: VOMNAO soa. seescctes cated aus co cncsdueneuliias thasdedwe Raut ehes laste niece eteaeeeaet 5.1V 
Injection current (latch-uUp teSting)..............:ccecccceeeeeeeeeseeeeeeeeeee eens neaeaneeeeeeeeseeeeeeseeeeeeeeenseseees 100 mA 


CAUTION: Stresses above those listed may cause permanent damage to system components. These are 
stress ratings only. Functional operation at these or any conditions above those indicated in 
the operational ratings of this specification is not implied. Exposure to absolute maximum rat- 
ing conditions for extended periods may affect system reliability. 
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11.2 DC Specifications (Digital) 
(Voc = 3.3 V £0.15 V, Ta = 0°C—70°C, unless otherwise specified) 












































Symbol Parameter MIN MAX Units Test Conditions 
Voc (+3-3Y) Power supply voltage 3.15 3.45 V_ Normal operation 
Vit Input low voltage -0.5 0.3 Vcc V_ Not 5-V tolerant 
Vin Input high voltage 0.7Vcc 1.05Vec V_ Not 5-V tolerant 
Vinst Input high voltage 0.7 Voc 5.5 V_ 5-V tolerant 
VoL Output low voltage - 0.4 VV Io, =3.2 mAb 
Vou Output high voltage 0.9 Voc = Vs loy = -200 pAc 
lec Supply current - tbd A Voc nominal 
li Input high current - 10 WA Vin=Vcc 
lie Input low current —-10 - HA Voc = 3.45; Vin, = 0 
lp Input high current (pull-up) -10 10 WA Vin=Vcc 
litp Input low current (pull-up) —45 12 WA Voc = 3.45; Vin = 0 
loz Input leakage -10 10 WA 0<Vin<Voco 
Cin Input capacitance - 10 pFe 
Cout Output capacitance — 10 pFd 
IREF DAC current reference -3 -10 mA Nominal IREF is -6.67 mA 








a 5-V tolerant pins — all digital pins except the SGRAM interface. 

b Io, is specified for a standard buffer. See Chapter 10, “Detailed Pin Descriptions”, for further information. 
© Ioy is specified for a standard buffer. See Chapter 10 for further information. 

4 I¢g is measured with VCLK at 157.5 MHz and SMCLK at 100 MHz. 

€ This is not 100% tested, but is periodically sampled. 
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11.3. DAC Characteristics 























Symbol Parameter MAX Units Test Conditions Notes 
R Resolution 8 bits 

lO Output current 30 mA VO <1V 

TR Analog output rise/fall time 3 ns 10% to 90% full scale a,b 

TS Analog output settling time 15 ns 50% FS to remaining within 2% | 4, > 
TSK Analog output skew tod ns abcd 
FDT DAC-to-DAC correlation 2.5 % abod 
Gl Glitch impulse tod pV/sec b 

IL Integral linearity 1.5 LSB 

DL Differential linearity 1.5 LSB b 





























@ Load is 50 W and 30 pF per analog output. 

b |REF =-6.67mA. 

© Outputs loaded identically. 

d About the mid-point of the distribution of the three DACs measured at full-scale output. 
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11.4 AC Specifications 


Figure 
11-1 
11-2 
11-3 
11-4 
11-5 
11-6 
11-7 
11-8 


ELECTRICAL SPECIFICATIONS 


Title Page 
PCI BUS Tiing .........cceecccececeeeeeeeeeceaeeeeeeeeseeaeeeseaaesecaeeeeeaaeeeeieeeenaeeneaes 11-6 
EROM#, BIOSA[15:0] Timing (PCI BUS)...........::::eceeeeeceeeeeeeeeestaeeeeees 11-7 
SGRAM Timing ...........eeeceesceeeescceeeeaeeeeeeceeeaaeeeeeaaaesaeeseeaaaesseeeeeeaaeeeneeaens 11-8 
P-Bus as Inputs (External DCOLK) .....0....:::ceecceeeeeeeeeeeeeeeeeeeeeeeeeeeaeeneaes 11-9 
Feature Bus Timing — Output (Internal DCLK)............:::cceeeeeeeeeees 11-10 
V-Port™ — PIXCLK Timing .......:ccccecceeeeseeeeeeeeeeeeeeeeeeeeeeaaeeseeeeeessaeeenenes 11-11 
V-Port™ Timing — VREF..........cccccecseeeseceeeeeeeeeeeneeeeeaeeseeaeeeeseeeeeeaeeesanes 11-12 
Reset TIMING. acacia Hehe a ai ho ies 11-13 
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Table 11-1. PCI Bus Timing 
























































Symbol Parameter MIN MAX Units 
ty PCICLK period 30 - ns 
to High period (CLK) PCI bus 40 60 % ty 
tg PCICLK to signal valid delay — bussed signals 2 11 ns 
ts PCICLK to signal valid delay — point to point 2 12 ns 
ta PCICLK to active delay 2 ns 
ts PCICLK to float delay 7 ns 
tg Input setup time to PCICLK — bussed signals 7 ns 
tg Input setup time to PCICLK — GNT# 10 ns 
t7 Input hold time from PCICLK 0 ns 

rt ty > 
: to 
PCICLK 
tg 
OUTPUT 
DELAY 


TRISTATE 


OUTPUTS 











INPUTS 


Figure 11-1. PCI Bus Timing 
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Table 11-2. EROM#, BIOSA[15:0] Timing (PCI Bus) 








Symbol Parameter MIN MAX Units 
ty BIOSA[15:0] delay from PCICLK - 15 ns 
to EROM# delay from PCICLK i 15 ns 
tg Access time 8 = PCICLK 





























FRAME 
32-BIT 
AD[31:0] ADDRESS ROM DATA 
BIOSA[15:0] BYTE 0 ADDRS. BYTE 1 ADDRS. BYTE 2 ADDRS. BYTE 3 ADDRS. 








to —> 
EROM# / 
a 


High-Z 
BIOSD[7:0] BYTE O BYTE 1 BYTE 2 BYTE 3 


High-Z 
TRDY ea / 


High-Z = High impedance 


Figure 11-2. EROM#, BIOSA[15:0] Timing (PCI Bus) 


Copyright 1996 — Cirrus Logic Inc. 11-7 November 1996 


ELECTRICAL SPECIFICATIONS CL-GD5480 Technical Reference Manual 


Table 11-3. SGRAM Timing: Preliminary (Subject to Characterization) 






































Symbol Parameter MIN MAX Units 
ty SMCLK period 10 - ns 
to SMCLK high/low period 35 65 % ty 
to SMCLK to output valid: MD, all controls 2 6 ns 
tg SMCLK to output valid: MD[63:0] n/aa n/a ns 
tg MD[63:0] output active delay - n/a ns 
ts MDJ[63:0] output float delay - n/a ns 
te MDJ[63:0] input setup time to SMCLK 1 - ns 
t7 MDJ[63:0] input hold time from SMCLK 3 - ns 











a ‘n/a’ indicates data not available at time of print. Contact Cirrus Logic for up to date information. 




















SMCLK 
= ts 

OUTPUT 
DELAY 

one 
MD[63:0] 
OUTPUTS 

igre ee ay 

P ts 

INPUTS 


Figure 11-3. SGRAM Timing 
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Table 11-4. P-Bus as Inputs (External4 DCLK) 





P[7:0], BLANK# setup to DCLK 





to P[7:0], BLANK# hold from DCLK 6 = ns 





@ The CL-GD5480 RAMDAC is driven externally. 


DCLK 
(INPUT) 


P[7:0] 
BLANK# 


Figure 11-4. P-Bus as Inputs (External DCLK) 
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Table 11-5. Feature Bus Timing — Output (Internal DCLK) 








Symbol Parameter MIN MAX Units 
ty DCLK to BLANK# delay -1 1 ns 
to DCLK to HSYNC, VSYNC delay 1 3 ns 
tg DCLK to P[7:0] delay —2 0 ns 


























DCLK —————+. 


BLANK# 


HSYNC/ 
VSYNC 





P[7:0] 








Figure 11-5. Feature Bus Timing — Output (Internal DCLK) 


November 1996 11-10 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual ELECTRICAL SPECIFICATIONS 


Table 11-6. V-Port™ — PIXCLK Timing 


PIXD[15:0], VACK setup to PIXCLK edge@ 





PIXD[15:0], VACK hold from PIXCLK edge 








@ PIXD and VACT can be clocked on either or both PIXCLK edges, according to the programming of CR50[5,3]. 


PIXCLK 


VACT 
PIXD[15:0] 





PIXD[7:0] 
BOTH EDGES 











Figure 11-6. V-Port™ — PIXCLK Timing 
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Table 11-7. V-Port™ Timing — VREF@ 


re 





a The terms odd and even are for reference only. The sense can be inverted with CR58[6]. 











VREF (EVEN) 


VREF (ODD) 


Figure 11-7. V-Port™ Timing — VREF 


November 1996 11-12 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual 


Table 11-8. Reset Timing 


ELECTRICAL SPECIFICATIONS 






































Symbol Parameter MIN MAX Units 
ty RST# pulse width 12 - MCLK 
to GPIODJ[6:0] setup to RST# rising edge 2 - ns 
tg GPIODJ6:0] hold from RST# rising edge 25 - ns 
t4 RST# inactive to first command 12 - MCLK 
RST# 

tp 
GPIOD[6:0] 
SI its 
FRAME# 
ty t4 
<e- 
Figure 11-8. Reset Timing 
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CONNECTOR PINOUTS 


Table A1-1. VGA DB15 
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Pin Number Standard VGA DDC1 DDC2B 
1 Analog RED Analog RED Analog RED 
2 Analog GREEN Analog GREEN Analog GREEN 
3 Analog BLUE Analog BLUE Analog BLUE 
4 Monitor ID 2 Monitor ID 2 Monitor ID 2 
5 n/c DDC Return DDC Return 
6 Analog RED Return Analog RED Return Analog RED Return 
7 Analog GREEN Return Analog GREEN Return Analog GREEN Return 
8 Analog BLUE Return Analog BLUE Return Analog BLUE Return 
9 n/c Voc supply (optional) Voc supply (optional) 
10 Digital Ground Digital Ground Digital Ground 
11 Monitor ID 0 Monitor ID 0 Monitor ID 0 
12 Monitor ID 1 Data from Display Data: SDA 
13 HSYNC HSYNC HSYNC 
14 VSYNC VSYNC (VCLK) VSYNC 
15 n/c n/c Clock: SCL 
6 
RED 2 5 
GREEN oO O 
BLUE O O HSYNC 
oO O VSYNC 
O 
10 O 






Figure A1-1. VGA Connector 
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Table A1-2. VESA® Pass-through Connector 
































Number Z Y 

1 Ground P[0] 

2 Ground P[1] 

3 Ground P[2] 

4 EVIDEO# P[3] 
5 ESYNC# P[4] 
6 EDCLK# P[5] 
7 DDCCLKa P[6] 

8 Ground P[7] 

9 Ground DCLK 
10 Ground BLANK# 
11 Ground HSYNC 
12 MCLK@ VSYNC 
13 DDCDAT@ Ground 




















a These connections are assigned by Cirrus Logic for 
compatibility with VMI. 


Z13 Z1 


COSSBSBOBOOLO0OEO@ 
@ i GO OO 
Y13 Y1 








VSYNC DCLK 


HSYNC BLANK# 


Ground pins are black. 


Figure A1-2. View from Component Side 
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Table A1-3. PCI Bus 
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Pin Side B Side A Pin Side B Side A 
1 -12V (not used) | TRKST# (not used) | 32 AD[17] AD[16] 
2 TCLK (not used) +12 V (not used) 33 C/BE[2]# +3.3 V (not used) 
3 Ground TMS (not used) 34 Ground FRAME# 
4 TDO TDI (not used) 35 IRDY# Ground 
5 +5 V +5 V 36 +3.3 V (not used) TRDY# 
6 +5V INTA# 37 DEVSEL# Ground 
7 INTB# (not used) INTC# (not used) 38 Ground STOP# 
8 INTD# (not used) +5V 39 LOCK# +3.3 V (not used) 
9 PRSNT1# Reserved 40 PERR# (not used) SDONE (not used) 
10 Reserved +5 V (I/O) 4 +3.3 V (not used) SBO# (not used) 
11 PRSNT2# Reserved 42 SERR# (not used) Ground 
12 43 +3.3 V (not used) PAR 
Connector key 
13 44 C/BE[1]# AD[15] 
14 Reserved Reserved 45 AD[14] +3.3 V (not used) 
15 Ground RST# 46 Ground AD[13] 
16 CLK +5 V (I/O) 47 AD[12] AD[11] 
17 Ground GNT# (not used) 48 AD[10] Ground 
18 REQ# (not used) Ground 49 Ground AD[09] 
19 +5 V (I/O) Reserved 50 
Connector key 
20 AD[81] AD[80] 51 
21 AD[29] +3.3 V (not used) 52 AD[08] C/BE[0}# 
22 Ground AD[28] 53 AD[07] +3.3V (not used) 
23 AD[27] AD[26] 54 | 43.3 V (not used) AD[06] 
24 AD[25] Ground 55 AD[05] AD[04] 
25 +3.3 V (not used) AD[24] 56 AD[03] Ground 
26 C/BE[3]# IDSEL 57 Ground AD[02] 
27 AD[23] +3.3 V (not used) 58 AD[01] AD[00] 
26 Ground AD[22] 59 +5 V (I/O) +5 V (I/O) 
29 AD[21] AD[20] 60 ACK64# (not used) REQ64# (not used) 
30 AD[19] Ground 61 +5 V +5 V 
31 +3.3 V (not used) AD[18] 62 +5 V +5V 
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BRACKET 


~=<— KEY 


COMPONENT SIDE 


oP 


=<—— KEY 





PCI 
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2.1 


LAYOUT GUIDELINES 


INTRODUCTION 


The CL-GD5480 is a highly integrated, mixed-signal circuit with high operating frequencies. 
These devices are designed into display subsystems with very high-bandwidth buses. Boards 
based on these controllers provide a reliable, compact circuit if designed with care. 


This appendix distills into a single document the experiences of Cirrus Logic in completing ref- 
erence designs and problem solving. 


PARTS PLACEMENT AND ADAPTER CARDS 


The first consideration in board design is parts placement. This section discusses the place- 
ment of the Cirrus Logic device. Subsequent sections discuss how to place passive devices 
around the main chip. 


PCI Bus Adapter Card 


The requirements of the PCI specification leave little latitude in the placement of the 
CL-GD5480. The reference design places the device near the center of the board with the 
SGRAM array in the upper-right portion. This is shown in Figure B1-1. 

















CL-GD5480 





Figure B1-1. PCl Bus Adapter Card Layout 
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Questions regarding the PCI specification or membership in the PCI Special Interest Group 
can be forwarded to: 


PCI Special Interest Group 
M/S HF3-15A 

5200 N.E. Elam Young Parkway 
Hillsboro, OR 97124-6497 
(503) 696-2000 


2.2 Motherboard 


Parts placement is as important in a motherboard design as in an adapter card. The Cirrus 
Logic controller must be close to the CPU and core logic, its SGRAM array, and the VGA DB15 
connector. The CL-GD5480 must be positioned away from components on the motherboard 
that could induce noise, such as the main memory, keyboard controller and other peripherals, 
and the adapter slots. 


The pins on the CL-GD5480 are assigned so that one side of the package has the PCI bus 
pins, two sides have the SGRAM array pins, and the fourth side has the V-Port, GPIO, synthe- 
sizer, and DAC pins. The board designer should study the pin diagram extensively before 
beginning parts placement. Figure B1-2 presents an example of parts placement. 
































SGRAM SGRAM 
DEVICE FOUR DEVICE TWO 
P-BUS ————+| 
SGRAM 
DEVICE THREE 
GPIO CL-GD5480 
DAC —— 
PIN 1 
SGRAM 
PCI BUS DEVICE ONE 











Figure B1-2. Component Placement Overview 
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3.1 


3.2 


POWER AND GROUND 


3.3-V Power 


Cirrus Logic recommends the use of multilayer boards for its components, especially when in 
high-performance systems. As operating frequencies rise, it becomes less likely that accept- 
able results are obtainable with a two-layer board. One plane must be dedicated exclusively 
to the distribution of power; one plane must be dedicated exclusively to ground. 


Typically, the power supplied to the board (either a motherboard or adapter card) is 5 V. This 
power is reduced to 3.3V with a three-terminal regulator. An island in the power plane under 
the CL-GD5480 and the SGRAM (and whatever else requires 3.3 V) is 3.3 V, while the rest of 
the board is 5 V. Connect all filter capacitors to the 3.3-V island and then return to the ground 
plane directly under this island. 


Ground 


One plane on the board must be dedicated to ground. The ground must have a cut that pre- 
vents the current from the SGRAM and PCI interface from affecting the RAMDAC ground. 


There is a certain amount of art involved in the exact positioning and size of the cut in the 
ground and power planes. Some experimentation may be required to obtain satisfactory 
results. 


The ground cut must not interfere in any way with the return currents between the controller 
and the SGRAM array. Any ground differential between the controller and the SGRAM array 
directly subtracts from the margins. 


Cirrus Logic can provide reference designs for adapter cards to yield satisfactory results and 
pass FCC Class B emission tests. 


IREF/DAC Parr oe tee tee Depew 
AVSS | 
| 
| 


| 

| 

| 

! 

| 
CL-GD5480 ! 
DIGITAL VSS | 
| 

| 

| 


Figure B1-3. Ground Plane Layout 
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3.3 


Decoupling Capacitors 


The CL-GD5480 operates at high frequencies (up to 185 MHz). Adequate power decoupling 
is absolutely crucial to a successful design. As many power pins on the device as possible 
must have a 0.1-uF capacitor returned to the local ground. These capacitors must be placed 
as close to the respective power pins as possible. These capacitors must have excellent high- 
frequency characteristics; Cirrus Logic has found that surface-mount ceramic-chip capacitors 
perform adequately. 


The high-frequency capacitors for MCLKVDD and VCLKVDD must be on the power pin side 
of the respective filter resistors and must be as close as possible to the power pin. 


The board design must include adequate bulk bypassing. Tantalum capacitors serve this func- 
tion. The high-frequency characteristics of the bulk bypass capacitors is not as critical as that 
of the high-frequency capacitors. 


SYNTHESIZER 


The CL-GD5480 has on-chip synthesizer filters. External synthesizer filters are not required. 
This chip also includes an on-chip oscillator and so can use a 14.3-MHz crystal as the refer- 
ence. This crystal is connected between OSC and XTAL. The connections to the crystal should 
be short and direct. Each side of the crystal requires a 27-pF capacitor to ground. 


If the CL-GD5480 is designed into a system with a VMI connector, the on-chip oscillator can- 
not be used since it cannot drive the VMI board. In this case, an external reference oscillator 
is required. 


IREF CIRCUITRY 


The CL-GD5480 has an on-chip current reference generator. The current level is set by a 
resistor from RSET to DACVSS. Design the board layout to support two parallel capacitors 
from IREF to VCC (one tantalum and one ceramic). Upon receiving silicon, Cirrus Logic can 
provide board population guidelines. If desired, an externally generated reference current can 
be injected on IREF. 


RGB LINES 


The rise and fall times on the RGB traces are going to be 2—4 ns, causing the traces to behave 
as transmission lines. This means that the characteristic impedance must be controlled and 
must be close to the nominal monitor termination value of 75 Q. 


There must be 7-LC filters on each of the RGB lines, as shown in the reference design. The 
recommended component values are 10 pF for the capacitors. The inductor is a ferrite bead, 
with 10-20 © impedance at 100 MHz. 


There is a trade-off involved in the selection of these component values. Obtaining crisp pixels 
on screen requires that the rise and fall times be as short as possible. However, to obtain 
acceptable emissions testing results, relatively slow rise and fall times are preferred. As the 
pixel rates rise, there is less margin between these two conflicting requirements. The compo- 


Copyright 1996 — Cirrus Logic Inc. B1-5 November 1996 


APPENDIX B1 — LAYOUT GUIDELINES CL-GD5480 Technical Reference Manual 


nent values previously recommended are the Cirrus logic recommendation as of this writing. 
Filter components must be placed as close as possible to the VGA DB15 connector. 


A 75-Q resistor to DACVSS is specified for each of the RGB lines. These resistors must be 
placed as close to the CL-GD5480 as possible. 


7. SGRAM ARRAY 


The SGRAMs in display memory typically operate as fast as, or faster than, those in the sys- 
tem memory. The layout of this array must be given as much consideration as that of the sys- 
tem memory. The following general rules apply: 


Place the devices close to the CL-GD5480. 


Organize the devices so that each individual device is close to their respective MD pins on the con- 
troller. Pin organization of the CL-GD5480 was carefully optimized to allow this. 


The control lines and the clock line are fast, heavily loaded lines and must be treated as such. Rel- 
atively wide traces must be used (8-10 thousandths is typical) and they must be adequately spaced. 
Placing the traces on 25 thousandths centers is ideal. 


Avoid long parallel runs. 
Ideally the clock lines to each SGRAM should be run separately. 


Series termination resistors must be used on the control, clock, and address lines. 10 Q is a good 
compromise. 


The data lines should not require termination with an SMCLK of up to 100 MHz if they are laid out 
very short and direct. 


Simulation should be done on the design as it is intended to be put into production. When 
doing simulation, remember that the CL-GD5480 writes data every second SMCLK. This 
means the data has more time to settle. 
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PCI BUS REFERENCE DESIGN 


1. INTRODUCTION 


This appendix covers the CL-GD5480 reference design. This is an adapter board for the PCI 
bus. The board can be populated with 1, 2, or 4 Mbytes of display memory. 


The schematic was captured with OrCAD® SDT. This schematic and the associated Gerber 
files are available to Cirrus Logic customers through the Company BBS (see Appendix D1, 


“Cirrus Logic Bulletin Board Service, FTP, and WWW’). 


2. PCIBUS INTERFACE 


2.1 Bus Connections 


The CL-GD5480 is designed for a glueless interface to the PCI bus. Pins on the CL-GD5480 
are connected directly to similarly named pins on the PCI bus. This is summarized in 

































































Table B2-1. 
Table B2-1. PCI Bus Connections 
Pin Names Function Note 
AD[81:0] Address/Data bus 
PAR Parity 
STOP# Control 
C/BE[3:0]# Control 
FRAME# Control 
IRDY# Control 
TRDY# Control 
IDSEL Control 
CLK Bus Clock 
RST# Control 
DEVSEL# Control 
REQ# Control 
GNT# Control 
INTA# Interrupt Request See Section 2.2 
PRSNT#2 System Control Grounded 
TDI/TDO System Control Tied together 
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2.2 


2.3 


3.1 


The CL-GD5480 is placed within an inch of the PCI connector and approximately centered on 
the connector. The pin assignments on the CL-GD5480 are carefully optimized to allow short 
and direct connections between the bus pins and the CL-GD5480 pins. 


The PCI 3.3-V power is not used since it is not supplied on some motherboards. The pins are 
tied together and connected to a single capacitor returned to ground. 


INTA# Pin 


The INTA# is connected directly to the corresponding PCI pin, without a jumper. Whether the 
interrupt is claimed at POST is controlled by PCI3C[8] according to the PCI specification. 
PCI3C[8] can be configured at reset time. If a configuration resistor is installed on GPIODS, 
PCI3C[8] is ‘1’ and the interrupt is claimed. The CL-GD5480 can only ever claim INTA#. 


VGA BIOS 


The CL-GD5480 is designed to comply with the PCI requirement that a single load appear on 
each signal. This requirement precludes connecting the BIOS EPROM directly to the bus. 
Rather, the EPROM is connected only to the CL-GD5480. The EPROM address inputs are 
driven with multiplexed pins on the CL-GD5480 (specific pins are described in Chapter 10, 
“Detailed Pin Descriptions” and a pin listing is in Table 1-1 on page 3-8 in Chapter 3, “Data 
Book”). The EPROM data pins are connected to GPIOD[7:0]. These pins are also used for the 
configuration resistors. The EPROM enables are both driven with the CL-GD5480 EROM#. 
The VPP pin is pulled up to +5V. A 27C256 EPROM contains the 32K VGA BIOS. 


DISPLAY MEMORY INTERFACE 


Memory Configurations 


The display memory is made up of one, two, or four pieces of 128K x 32 x 2 SGRAM. On the 
schematic, the device type is ‘256KX32SGRAM’. Table B2-2 indicates the memory configura- 
tions available with this design. 


Table B2-2. Display Memory Configurations 








Capacity Devices 
1 Mbyte U10 
2 Mbyte U10, U8 
4 Mbyte U10, U8, U9, U7 

















The memory chips are placed very close to the CL-GD5480 and arranged so that each chip 
is close to its respective data and DQM lines. Since the control lines are terminated and the 
data lines are not terminated, priority is given to making the data lines short and direct. 
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3.2 


4.1 


4.2 


4.3 


Terminations 


Series termination resistors are required on the control, clock, and address lines. These resis- 
tors are placed close to the CL-GD5480. The value should be chosen so that these lines are 
just about critically damped. The reference design uses 10-Q resistors. 


This layout has been tested with an SMCLK up to 100 MHz and functions satisfactorily with 
no terminations on the memory data lines. If the layout of the memory array is changed, the 
new layout should be simulated. When planning the simulation, take into account the fact that 
the CL-GD5480 writes data on every other SMCLK and therefore provides two cycles for the 
data to settle. 


MONITOR INTERFACE 


RGB Lines 


The RGB lines are terminated in 75 Q to DACVSS. This provides half of the nominal 37.5-Q 
DC load; the other half is in the monitor. 


It-shaped filters on each RGB line control edge rates and reduce RFI (radio frequency inter- 
ference) to an acceptable level. The component values in these filters represent an engineer- 
ing trade-off. For crisp pixels, especially at higher frequencies, the cutoff frequency should be 
as high as possible. On the other hand, for reduced emissions the cutoff frequency should be 
fairly low. The values shown on the schematics represent the best engineering judgement at 
the time the schematics were captured. 


The resistors are located as close as possible to the CL-GD5480. The filters are located very 
close to the DB-15 connector. The traces between the CL-GD5480 and the 7 filters are direct 
with an absolute minimum of vias and no sharp corners. These traces must be designed with 
a characteristic impedance as close as possible to 75 Q. The edge rates, especially before the 
filter, are fast enough that a trace as short as a few inches begins to behave as a transmission 
line. 


Sync Lines 

HSYNC and VSYNC are isolated with RC filters of 33 Q and 220 pF. The filter outputs connect 
directly to the DB-15 and VESA connectors. 

DDC2B Support (I2C) 


DDC2B is a bidirectional data channel based on the I2C bus. The data clock is on MID[3] 
(DB15 pin 15) and the bidirectional data is on MID[1] (DB15 pin 12). Table B2-3 shows the 
connections for DDC2B. The DDC2B implementation is complicated by the existence of non- 
compliant monitors. 


Table B2-3. DDC2B, I2C Connections 








CL-GD5480 Read | Write | Mux Section Bypass MID Function 
Pin Name Port Port (VMI) (No VMl) (DB15 Pin) 
DDCDAT (pin 201) | SR8[7] | SR8[1] | Section Y R12 MID41 (pin 12) Data 
DDCCLK (pin 202) | SR8[2] | SR8[0] | Section X R2 MID3 (pin 15) Clock 
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5. l2C BUS 


The I2C bus is a two-pin interface used for two pretty distinct purposes. First, it is used to allow 
a DDC2B monitor to transmit its capabilities so the BIOS can select the appropriate refresh 
rate when programming a display mode.Second, the |2C bus is used to program a device on 
the VMI bus, such as a TV tuner. 


The I2C bus is designed to be connected to multiple devices in parallel. However, some mon- 
itors are not DDC2B-compliant and cannot be connected directly to the 12C bus. Since it is 
generally impossible to determine what monitor can be connected to an adapter card (or even 
a motherboard) the design must take into account non-compliant monitors. 


Table B2-4 shows the devices that must be populated according to the capabilities required. 
The board design assumes that DDC2B support is always required (a PC97 requirement). By 
definition, VMI support implies I2C. There is no column in the table for the case of VMI without 
I2C. 


Table B2-4. VMI/I2C Population Chart 














Reference Designator Neither I2C nor VMI | I2C and VMI | I2C without VMI 
U3 (74F273) No Populate No 

R14 (connect GPIOD6 directly to mux select) (don’t care) No Populate 
MC14052B (Analog MUX) No Populate Populate 
R12, R2 (connect MID to VGA I2C bus) Populate No No 




















If I2C support is not required, then it doesn’t make any difference what a non-compliance mon- 
itor does to the I2C bus. In this case, the two resistors are installed to connect the MID pins to 
the CL-GD5480. The multiplexor is not required. 


lf 12C support is required, it must be possible to isolate the MID pins (BDCCLK and BDCDAT) 
from the DDCDAT and DDCCLK pins. This is necessary to avoid the possibility of a non-com- 
pliant monitor from upsetting the I2C bus. To provide maximum flexibility, this isolation is done 
electronically on the Cirrus Logic reference design. In an environment where there is no pos- 
sibility of a non-compliant monitor or where configuration changes can be entrusted to skilled 
technicians, this could be done with jumpers. 


An analog multiplexer (MC14052B) connects either the MID lines or the I2C lines (I2ZCDAT and 
lI2CCLK) to the CL-GD5480 I2C pins. An analog multiplexer is necessary since these are bidi- 
rectional lines. The multiplexor makes a low-impedance connection between either the MID 
lines and the respective pins on the CL-GD5480 or the I2C lines and the respective pins on 
the CL-GD5480. The multiplexor select is controlled by GPIOD6, either directly or via a regis- 
ter. 


In the case of I2C without VMI, the ’F273 register is not required and GPIOD6 output can con- 
trol the multiplexor select directly. R14 is populated in this case and the multiplexor select is 
driver directly from GOIOD6. 
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In the case of l2C with VMI, the F273 register is required to latch the address and OUT[1:0] 
that is present on the GPIOD bus during GPAS#. The multiplexor select is driven from the level 
latched from GPIOD6 (OUTO). Table B2-5 summarizes all these signals. 


Table B2-5. I12C/DDC Node Summary 


Node 


Pin on CL-GD5480 I2CDAT l2CCLK 
pin 201 pin 202 





Connection on multiplexor DDCDAT:YO DDCCLK: XO 
































Pull up R3: 200K R7: 200k 

DDC pin on multiplexor BDDCDAT:Y0O | BDDCCLK: X0 
Multiplexor ByPass R2:0 R12:0 

Pull up R8: 12K R11: 12K 
Series resistor to MID R5: 1K R6: 1K 

VGA connector Pin 12 Pin 15 

I2C pin on multiplexor I2CDAT: Y1 I2CCLK: X1 
Pull up R13: 3K R4: 3K 

I2C pinon VESA connector | Z13 Z7 
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The VESA connector pins are tied to the corresponding pins on the CL-GD5480 either directly 
or through an appropriate resistor. The Video Port uses the same connector. Table B2-4 shows 
the pins on the VESA connector. 


Table B2-6. VESA® Connector/ Video Port 





















































Pin Function Video Port | Pin Function Video Port 
Z1 GND GND Y1 PO PIXD[0] 
Z2 | GND GND Y2 | Pl PIXD[1] 
Z3 | GND GND Y3 | P2 PIXD[2] 
Z4 | EVIDEO# VACT Y4 | P38 PIXD[3] 
Z5 | ESYNC# EN2 Y5 | P4 PIXD[4] 
Z6 | EDCLK# VREF Y6 | P5 PIXD[5] 
Z/7 | nica lI2CCLK Y7 | P6 PIXD[6] 
Z8 | GND GND Y8 | P7 PIXD[7] 
Z9 | GND GND Y9 | DCLK PIXCLK 
Z10 | GND GND Y10 | BLANK# HREF 
Z11 | GND GND Y11 | HYSNC n/c 
Z12 | n/c EN1 Y12 | VSYNC n/c 
Z13 | n/c I2CDAT Y13 | GND GND 
a n/c indicates ‘no connect’. 
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VMI is a standards proposal for connecting a video module, such as an MPEG decoder mod- 
ule, to a ‘video ready’ GUI device. For further information regarding VMI, refer to the VMI 1.4 
document available upon request from Cirrus Logic. Table B2-7 shows the connections to the 
VMI host port connector. 


Table B2-7. VMI Host Port Connections 




























































































VM Port VMI Port Node CL-GD5480 Note 
Pin Number Pin Name Name Pin Name 
Z1 4+12V POWER = = 
Z2 HD[1] GPD1 GPIOD1 = 
Z3 GND = = - 
Z4 HD[3] GPD3 GPIOD3 = 
25 +5V - - - 
Z6 HD[6] GPD6 GPIOD6 = 
Z7 OSC VMIOSC - - 
Z8 HA[1] HA1 Latched GOIOD1 = 
z9 HA[3] HA3 Latched GPIOD3 _ 
Z10 GND - - - 
Z11 CS# GPCS# GPCS# = 
Z12 RD# GPRD# GPRD# = 
213 +3.3V 103.3V = = 
214 SCLK n/c - - 
Z15 LRCK n/c = 7 
Z16 +5V VCC = 7 
Z17 AVIDGND AVIDGND i i 
Z18 AVIDC n/c - - 
Z19 GPDRY INSERT# - i 
220 AUDGND AUDGND = = 
Y1 HD[0] GPDO GPIODO = 
Y2 GND = = - 
Y3 HD[2] GPD2 GPIOD2 = 
Y4 HD[4] GPD4 GPIOD4 - 
B2-8 
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Table B2-7. VMI Host Port Connections (cont.) 






























































val Port VMI Port Node CL-GD5480 Note 
Pin Number Pin Name Name Pin Name 
Y5 HD[5] GPD5 GPIOD5 = 
Y6 HD[7] GPD7 GPIOD7 = 
Y7 HA[O] HAO Latched GPIODO 7 
Y8 HA[2] HA2 Latched GPIOD2 - 
Y9 +5V i = = 
Y10 RESET# EROM# EROM# a 
Y11 GND = = i 
Y12 WR# GPWR# GPWR# - 
Y13 READY# GPRDY GPRDY - 
Y14 INTREQ# INTA# INTA# = 
Y15 PCMDATA n/c 7 - 
Y16 +3.3V +3.3VOLTS = = 
Y17 AVIDY AVIDY - RCA jack J2 
Y18 Key - = = 
Y19 AUDIOL AUDIOL - Stereo jack 1 
Y20 AUDIOR AUDIOR - Stereo jack 2 
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8.1 


8.2 


8.3 


8.4 


8.5 


POWER DISTRIBUTION AND CONDITIONING 


Introduction 


By far the most common reason for unsatisfactory performance of a display subsystem is fail- 
ure on the part of the board designer to properly manage power distribution and conditioning. 
Dedicated power and ground planes are very strongly recommended for boards based on 
CL-GD5480 devices. 


Dedicated Ground Plane 


A dedicated ground plane minimizes differential ground offsets and more nearly approximates 
the ideal notion of ‘ground’. Additionally, a ground plane is necessary to predict and control the 
characteristic impedance of those traces that must be treated as transmission lines. 


The ground plane has a single cut to partially isolate the DACVSS pins from the rest of the 
ground plane, especially the SGRAM and PCI areas which are apt to be noisy. This cut may 
be inspected on the Gerber plots. It is extended to the VGA connector to keep all the video as 
quiet as possible. 


Dedicated Power Plane 


A dedicated power plane allows low-impedance distribution of VCC, minimizing noise and cou- 
pling. A dedicated power plane also behaves as an AC ground, making it possible to predict 
and control the characteristic impedance of traces above it. 


An island in the power plane below the SGRAM array and the CL-GD5480 supplies 3.3V to 
the SGRAMs and the VGA controller. The voltage regulator straddles the cut that isolates this 
island from the rest of the power plane. If multiple regulators are used (for example, for the 
CL-GD5480 and for SGRAM array), multiple islands would be appropriate. 


Power Bypassing 


Bypass capacitors minimize power sags caused by current spikes and to reduce the power 
distribution impedance. Bulk bypassing is present in the area where power comes onto the 
board, around the SGRAM array, and near the EPROM. 


High-frequency bypass capacitors are distributed as needed on the board. Every other digital 
VCC pin on the CL-GD5480 has a bypass capacitor located as close to the pin as possible. 
Each pin is connected to its capacitor — and the 3.3-V island of the power plane — with a 
short, thick, direct lead. The ground connection of each capacitor is made with a via directly 
to the ground plane. Each SGRAM has a high-frequency bypass capacitor located very close 
to the VCC pin. The VCC pin is connected with a short, thick, direct lead. The ground connec- 
tion of the capacitor is made with a via directly to the ground plane. 


3.3-V Regulator 


The 3.3-V rail on the PCI connector is not used because there are motherboards that do not 
supply 3.3 V. Instead, three-terminal regulators reduce the 5.0-V rail to 3.3 V. On the current 
board, there are two regulators. One generates 103.3V, supplied to the SGRAMs. The other 
generates 3.3 V, supplied to the CL-GD5480. 
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8.6 


10. 


The use of two regulators is likely to be overly conservative; a single regulator can probably 
supply adequate current, even if all four SGRAMs are populated. If this turns out to be the 
case, one of the regulators can be depopulated and R41 can be populated. On no account 
should R41 be populated along with both regulators. 


Power Conditioning 


3.3V is supplied through two zero-Q resistors in parallel. These are on the reference design to 
allow for the possibility that latch-up protection or filtering is required. A conservative design 
continues to incorporate these resistors. There are six high-frequency bypass capacitors, 
close to the digital power pins. 


The CLKVDD supply has its own RC filter. This consists of a zero-Q resistor and a pair of 
capacitors, placed very close to the CLKVDD pin. The capacitors are returned very close to 
the CLKVSS pin. 


The DACVDD supply has its own RC filter. This is a zero-Q resistor and pair of capacitors, 
placed close to the DACVDD pins (there are two). The capacitors are returned close to the 
DACVSS pins (there are two). 


CONFIGURATION RESISTORS 


If R30 is populated, PCI3C[8] powers up as ‘1’ and interrupt ‘A’ is claimed. 


If GPIO is to be enabled only if a VMI board is installed, R24 is not installed. Populating a VMI 
board grounds node INSERT#, supplying ground to R28 and R29. R28 must be populated to 
enable GPIO. If R29 is populated, the GPIO is in memory space; if R29 is not populated, the 
GPIO is in I/O space. 


If GPIO is to be enabled regardless of whether a VMI board is installed, R24 is populated. This 
supplies a ground at node INSERT# independently (this does not disallow using a VMI board 
as well). R28 must be populated to enable GPIO. If R29 is populated, the GPIO is in memory 
space; if R29 is not populated, the GPIO is in I/O space. 


DUAL-FREQUENCY SYNTHESIZER SUPPORT 


A 14.31818-MHz crystal and two 27-pF capacitors can be populated to provide the synthe- 
sizer reference. This takes advantage of the on-chip oscillator. This option cannot be used if a 
VMI card is to be installed, because the on-chip oscillator cannot drive the clock onto the VMI 
card. In this case, a 14.31818-MHz oscillator can be populated to inject the reference directly 
into the BOSC pin. 


The CL-GD5480 synthesizers do not require external filters. 
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11. DAC CURRENT REFERENCE 


The CL-GD5480 features an on-chip reference current generator that requires only a resistor 
to set the full scale current. The resistor value can be calculated with Equation B2-1 where 
Load is the DC load in ohms, and VFullScale is the desired full-scale voltage. The derivation 
of this equation is given in Appendix B5. 


RSet = a to Equation B2-1. 


VFullScale 


The board is designed with pads for two capacitors between the IREF pin and DACVDD. 
Whichever of these is used is determined at silicon evaluation. 


12. PCIlBUS SCHEMATICS 


The following pages present schematics for the PCI bus. 
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MEMORY CONFIGURATIONS 


1. INTRODUCTION 


This appendix covers three topics related with the selection of SGRAMs for the CL-GD5480: 
GRAM configuration and connections, SGRAM timing requirements, and SMCLK require- 
ments for display modes. 


2. SGRAM CONFIGURATIONS 


The CL-GD5480 supports a number of display memory configurations, from 1 to 4 Mbytes, 
using SGRAMs that are organized as: 


e 256K x 32 SGRAM (also called 128K x 32 x 2) 
e 256K x 16 SDRAMs 


Table B3-1 lists every memory configuration that the CL-GD5480 is expected to support. For 
each entry, it shows the capacity and the number and type of SGRAMs. The bus width is 
noted, as well as the table number where the connections are described. The next column 
shows the table numbers of any upgrade paths that can be implemented by simply plugging 
in additional SGRAM or SDRAM devices. The last three columns show the programming of 
the pertinent configuration bits. 


Table B3-1. CL-GD5480 Memory Configurations 














ca. #| Device ak Table | Path | SRF[7] | SRF[4:3] | SR17[7] 
1 f| “ace 32 B32 | bee | 0 10 0 
2 gl! Se 64 B3-4 | B3-5 0 11 0 
4 A) 64 B35 | - 1 11 0 
{ a4 ae 32 B3-6 | B3-7 0 10 0 
2 a) eae 64 B37 | - 0 11 0 



































November 1996 B3-2 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual 


3. SGRAM CONNECTION TABLES 
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Table B3-2 through Table B3-7 show the detailed memory interface connections for every 
SGRAM configuration supported by CL-GD5480. Table B3-2 shows the relationship between 


MD lines and DQM lines. 


Table B3-2. MD and DQM Relationship 


























MD Lines Associated DQM 
MD[63:56] DQM7 
MD[55:48] DQM6 
MD[47:40] DQM5 
MDJ[39:32] DQM4 
MDJ[31:24] DQM3 
MD[23:16] DaM2 
MD[15:8] DQM1 
MD{7:0] DQMo 











Table B3-3. 1-Mbyte Display Memory: One 256K x 32 SGRAM 
























































Memory Device Pin 
CLK SMCLK 
CS# CSO# 
RAS# RAS# 
CAS# CAS# 
WE# WE# 
CKE High 
DSF Low 
A[9:0] MAI9:0] 
DQM3 DQM7 
DQM2 DQM6 
DQM1 DQM5 
DQMO DQM4 
DQ[31:24] MD[63:56] 
DQ[23:16] MD[55:48] 
DQ[15:8] MD[47:40] 
DQ[7:0] MD[39:32] 
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Table B3-4. 2-Mbyte Display Memory: Two 256K x 32 SGRAM 





















































Memory Device Pin One Two 
CLK SMCLK SMCLK 
CS# CS0# CSO# 

RAS# RAS# RAS# 
CAS# CAS# CAS# 
WE# WE# WE# 
CKE High High 
DSF Low Low 
A[9:0] MAI9:0] MAI9:0] 
DQM3 DQM7 DQM3 
DQM2 DQM6 DQM2 
DQM1 DQM5 DQM1 
DQMO DQM4 DQMO 
DQ[31:24] MD[63:56] MD[81:24] 
DQ[23:16] MD[55:48] MD[23:16] 
DQ[15:8] MD[47:40] MD[15:8] 
DQ|7:0] MD[39:32] MD[7:0] 








Table B3-5. 4-Mbyte Display Memory: Four 256K x 16 SGRAM 


























Memory Device Pin One Two Three Four 
CLK SMCLK SMCLK SMCLK SMCLK 
CS# CS0# CSO# CS1# CS1# 
RAS# RAS# RAS# RAS# RAS# 
CAS# CAS# CAS# CAS# CAS# 
WE# WE# WE# WE# WE# 
CKE High High High High 
DSF Low Low Low Low 
A[9:0] MA|9:0] MAI9:0] MAI9:0] MA|9:0] 
DQM3 DQM7 DQM3 DQM7 DQM3 
DQM2 DQM6 DQM2 DQM6 DQM2 




















November 1996 B3-4 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual 


Table B3-5. 4-Mbyte Display Memory: Four 256K x 16 SGRAM (cont.) 
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Memory Device Pin One Two Three Four 
DQM1 DQM5 DQM1 DQM5 DQM1 
DQMO DQM4 DQMO DQM4 DQMO 
DQ[31:24] MD[63:56] MDJ[31:24] MD[63:56] MD[31:24] 
DQ[23:16] MD[55:48] MD[23:16] MD[55:48] MD[23:16] 
DQ[15:8] MD[47:40] MD[15:8] MD[47:40] MD[15:8] 
DQ|7:0] MD[39:32] MD[7:0] MD[39:32] MD[7:0] 
Table B3-6. 1-Mbyte Display Memory: Two 256K x 16 SDRAM 
Memory Device Pin One Two 
CLK SMCLK SMCLK 
CS# CS0O# CSO# 
RAS# RAS# RAS# 
CAS# CAS# CAS# 
WE# WE# WE# 
CKE High High 
DSF Low Low 
DQM1 DQM7 DQM5 
DQMO DQM6 DQM4 
DQ[15:8] MD[63:56] MD[47:40] 
DQ|7:0] MD[55:48] MD[39:32] 
Table B3-7. 2-Mbyte Display Memory: Four 256K x 16 SDRAM 
Memory Device Pin One Two Three Four 
CLK SMCLK SMCLK SMCLK SMCLK 
CS# CS0# CSo# CS0# CS0# 
RAS# RAS# RAS# RAS# RAS# 
CAS# CAS# CAS# CAS# CAS# 
WE# WE# WE# WE# WE# 
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Table B3-7. 2-Mbyte Display Memory: Four 256K x 16 SDRAM (cont.) 


























Memory Device Pin One Two Three Four 
CKE High High High High 
DSF Low Low Low Low 
DQM1 DQM7 DQM5 DQM3 DQM1 
DQMO DQM6 DQM4 DQM2 DQMO 
DQ[15:8] MD[63:56] MD[47:40] MD[31:24] MD[15:8] 
DQ|7:0] MD[55:48] MD[39:32] MD[23:16] MD[7:0] 
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CURRENT REFERENCE 


1. INTRODUCTION 


The current reference requires an external resistor to set the full-scale current. The equations 
in the following section calculate the resistor value. 


2. RSET: FULL-SCALE CURRENT SET RESISTOR VALUE 
RSET (pin 194) has a resistor to the DACVSS node that sets the full-scale DAC output current. 


This resistor should have a 0.1-uF capacitor in parallel. Select the resistor value with the fol- 
lowing equations. 


Equation B4-1 is part of the chip specification. The resistor value (RSet?) is given in terms of 
current reference (/REF). 


RSet = 1.2V + IREF Equation B4-1. 


Equation B4-2 is also part of the chip specification. The current reference (/REF) is given in 
terms of desired full-scale current out (/FullScale). 


IREF = IFullScale + (63 + 30) Equation B4-2. 


Equation B4-3 is derived from Ohm’s Law. Full-scale current out (/FullScale) is calculated in 
terms of desired full-scale voltage (VFullScale) and the load the DACs look into (Load). 


TFullScale = VFullScale + Load Equation B4-3. 


These three equations are combined (Equation B4-4) and reduced to yield a single equation 
that can be used to calculate the resistor value (RSe?), in terms of desired full-scale voltage 
(VFullScale), and the load the DACs look into (Load). 


RSet = (2.52V x Load) + VFullScale Equation B4-4. 


For a full-scale voltage of 700 mV and a load of 37.5 Q, the calculated value of RSetis 135 Q. 
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CONFIGURATION NOTES 


1. INTRODUCTION 


When RST# is active, the CL-GD5480 loads the levels on GPIOD[6:0] into seven internal 
latches that control some fundamental properties of the device. These configuration latches 
are named CF[7:1]. Software cannot directly access the configuration bits. 


Each of the lines GPIOD[6:0] has an internal pull-up resistor (nominally 250 kQ). The default 
(if no pull-down resistor is installed) is ‘1’. If ‘0’ is to be loaded into the latch associated with a 
given GPIOD line, an external pull-down resistor (typically 6.8 kQ) must be installed. 


2. CONFIGURATION SUMMARY 


Table B5-1 provides an overview of the Configuration bits. Table B5-1 indicates the configura- 
tion if a pull-down resistor is installed. 


Table B5-1. CL-GD5480 Configuration Bits 




















GPIOD Bit | CF Bit Pull-Down Resistor Installed Readable At: 
6 7 SMCLK is an input (factory test only) = 
5 6 Enable chip test mode (factory test only) - 
4 5 Enable Pin Scan - 
3 4 Claim Interrupt PCI3C[8] 
2 3 GPIO [1] = 
1 2 GPIO [0] - 
0 1 DCLK output disable GR17[3] 




















3. | CONFIGURATION DETAILS 


CF7 (GPIOD6) SMCLK Input 


If no pull-down resistor is installed, the SMCLK will be an output and will drive the frame buffer 
SGRAM array normally. If a pull-down resistor is installed (or if GPIOD6 is driven low by a 
tester), SMCLK will be an input. This mode is intended for factory testing only. 


CF6 (GPIOD5) Enable Test Mode 


If no pull-down resistor is installed, the CL-GD5480 is not put into test mode and functions nor- 
mally. If a pull-down is installed (or if GPIOD5 is driven low by a tester), the CL-GD5480 will 
come up in test mode. TRW is input on EROM#. This mode is intended for factory test only. 
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CF5 (GPIOD4) Enable Pin Scan 


If no pull-down resistor is installed, the CL-GD5480 is not put into Pin-Scan mode and func- 
tions normally. If a pull-down resistor is installed (or if GPIOD4 is driven low by a tester), the 
CL-GD5480 is placed into Pin-Scan mode. See Appendix B7, “Pin Scan”. 


CF4 (GPIOD3) PCI Interrupt Request Control 


If no pull-down resistor is installed, PCI3C[8] is ‘0’ and the PCI interrupt is not claimed. If a pull- 
down resistor is installed, PCI3C[8] is ‘1’ and the PCI interrupt is claimed. 
CF[3:2] (GPIOD[2:1]) GPIO Configuration 


These two pins are used to configure GPI/O. See Appendix B11, “General-Purpose I/O”, for 
information regarding GPI/O. Table B5-2 summarizes the configurations. ‘0’ indicates a pull- 
down resistor is installed. 


Table B5-2. GPI/O Configuration 

















CF3 CF2 
GPIOD2 | GPIOD1 GrIo EGHe 
X 1 Disabled Returns all ‘0’s 
1 0 32 bytes I/O 15:5 specify base, bit 0 = 1 
31:12 specify base, bit 0 = 0 
o 0 32 bytes memory | (4996 bytes claimed) 











CF1 (GPIODO) DCLK Output Disable 


If no pull-down resistor is installed, GR17[3] powers up as ‘0’, and the DCLK output driver is 
controlled by EDCLK# in the normal manner. If a pull-down resistor is installed, GR17[3] pow- 
ers up as ‘1’, and the DCLK driver is disabled. This configuration bit can be overridden by pro- 
gramming GR17[3]. 
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2.1 


SIGNATURE GENERATOR 


INTRODUCTION 


The CL-GD5480 includes signature and data generators that enhance automated testing, 
both when the device is tested in the factory and after it is installed in a system. The signature 
generators test the system at the normal operating speed rather than at an artificially reduced 
clock rate, allowing marginal timing problems to be discovered. The data generators substitute 
for the frame buffer and video generator. This allows testing without a complete system, such 
as in a wafer sort or device testing environment. 


When the SG (signature generator) is used during system testing, the test coverage is typically 
expanded to include the frame buffer as well as the device itself. This allows the entire graphics 
subsystem to be tested at normal operating speed with ‘real-world’ data patterns. SG testing 
is used extensively in the manufacturing test shipped by Cirrus Logic to its customers. 


BACKGROUND 


SG Testing 


The idea behind SG testing is that a compressed image of the data at a given node over a 
given period of time can be captured. This image is called a signature. This signature can be 
compared to the corresponding signature captured at the same node, under the same test 
conditions, on an identical system that is known to be operating correctly. If the signatures 
match, there is a probability (not a mathematical certainty) that the data at the node is correct. 
Depending on the parameters of the signature (for example, size, data pattern used, and char- 
acteristics of the SG), the probability that a correct signature correlates with correct operation 
can be made arbitrarily high. The SGs and data patterns used in the CL-GD5480 typically yield 
results better than 99%. That is, a correct signature can be generated from incorrect data less 
than 1% of the time. 


The SG is typically implemented as a shift register with XOR feedback. The register is first set 
to a known initial condition. The test data is fed into one end if it is a single serial stream or fed 
in ‘broadside’ if it is a parallel stream. The data being applied to the register is combined with 
the data already in the register (the signature compiled up to that clock). This means that the 
data at each point of time in the period is reflected in the final signature. When the entire sig- 
nature is collected, it can be read and compared to the signature taken from a known-good 
system under identical test conditions. 


This is a ‘go-no-go’ test; either the signature matches or not. If it does not match, the failing 
signature contains essentially no clues as to the point of failure. A test technician may recog- 
nize the particular failing pattern if seen before, but the pattern in and of itself does not point 
anywhere. 


If the signature is correct, there is some probability that the device or subsystem is behaving 
normally. After getting correct signatures with a number of test patterns (and no failures), a 
system can be shipped with a good degree of confidence. 
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2.2 


2.3 


3.1 


3.2 


Applying SG Testing to Graphics Products 


There are three obvious questions to answer when planning to test with an SG: 
e Where is the SG connected (what is the node or nodes under test)? 

e How is the time period defined (when does the signature start and stop)? 

e How is the data generated? 


Over the years, the answers to all three of these questions have evolved. This is in response 
to the increased device complexity (for example, the addition of the BitBLT engine and video 
capture), an increased number of gates that can be economically applied to the problem, 
and experience. 


Single-Bit Display Data SG 


The original SG was implemented to solve a final testing problem. There was literally a roomful 
of people all looking at test patterns on CRTs, attempting to see if individual pixels were cor- 
rect. Of course, this was very expensive and error prone. 


A single-bit SG was added at the point where the display data entered the CLUT. The signa- 
ture returned was 16 bits. The signature could be captured on one bit of each pixel on the 
screen. Bits in register SR18 specified the bit of the display data where the signature was to 
be captured. 


The SG was enabled by setting a bit in register SR18. The next time VSYNC went active, the 
signature was captured for exactly one video frame. 


The single-bit SG is replaced on the CL-GD5480 with a parallel SG. The single-bit SG is dis- 
cussed only for completeness. 


SIGNATURE AND DATA GENERATORS ON CL-GD5480 


DAC SG 


The DAC SG is at the input to the DACs, after the LUTs. It gathers a 24-bit signature on display 
data at the DAC inputs (24-bits wide). This generator captures a signature of the entire pixel, 
rather than just a single bit. The reduction in test time is especially significant at wafer sort, 
where tester time is very expensive. 


This signature is always 24 bits, regardless of the actual pixel depth and if pixel doubling is 
being used. If 32-bpp ARGB has been programmed, the ‘alpha’ byte does not go into the SG. 
BitBLT SG 


The BitBLT SG monitors the outputs on the memory lines, collecting a signature correspond- 
ing to the activity seen there on 16 MD bits at a time. This produces a 16-bit signature. 


The data pattern depends on the BitBLT or BitBLTs programmed. The time period, instead of 
being exactly one frame, extends from when the generator is enabled until it is stopped and 
read out. 
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3.3 


3.4 


MD Generator 


Using the frame buffer to generate the patterns is suitable for a system test, but presents a 
serious problem when testing individual chips, especially at wafer sort; there is no frame buffer 
available and testers capable of emulating a frame buffer are not economical. 


The MD (memory data) generator was added to solve this problem. It provides a pseudo-ran- 
dom sequence of data at the MD lines, simulating the presence of the frame buffer. The 
sequence repeats for each frame (of a given size), so that the signature repeats for each frame 
(of a given size). 


IMPORTANT: The MD generator is not intended for use when a frame buffer is available. 


V-Port™ Data Generator 
The V-Port data generator is intended for testing the paths associated with the video port. It 
provides pseudo-random data to the video port. 


SG Controls — Register SR18 

The SG controls are in register SR18. The formal description of register SR18 in Section 8.14 
on page 8-19. 

SR18[7:5] select the SG and data generator(s) that are to be used. 


SR18[4:2] select the data bit to generate the signature on. For the single-bit display data SG, 
this is extended in SR19[1:0]. Bits in the SR18[4:2] field are also used for other purposes, 
depending on SR18[7:5]. These extensions are discussed in detail. 


SR18[1] resets the SG. 


SR18[0] starts the SG. For the DAC SG that captures one frame of data, SR18[0] enables the 
signature; it is started and then stopped with VSYNC. In this case, SR18[0] is also a status bit. 
When the complete signature has been captured, SR18[0] clears to ‘0’. 


For BitBLT signatures, SR18[0] starts and stops the generator; VSYNC is ignored. 
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START/STOP/STATUS 


RESET 


BIT/BYTE/WORD 





SELECT 


SIGNATURE 





TYPE 


Figure B6-1. SG Controls — Register SR18 


5. USING THE SIGNATURE AND DATA GENERATORS 


Table B6-1 summarizes the possible signature and data generator cases. 


Table B6-1. SR18[7:5]: Signature Type 


SR18[7:6] 





SR18[5] 











Data Generator 















































00 0 DAC None System test 
00 1 DAC Memory data Data paths 
Reserved 

o 1 DAG NGHE (same as 00, 0 case) 
01 1 DAC V-Port Video capture 
10 0 BitBLT None System test 
10 1 BitBLT Memory data 

: Reserved 
11 0 BitBLT None (same as 10, 0 case) 
11 1 BitBLT V-Port Video capture test 
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5.1. Signature Type 00 0 (System Test) 


The signature is captured from VSYNC to VSYNC (one frame). The entire display is tested. 
When the signature is captured, it is read from register SR19 (low byte) and register SR1A 
(middle byte and high byte). 


Table B6-2. Reading the 24-bit Signature 








SR18[2] SR19 SR1A 
0 Byte 1 Byte 2 
1 Byte 1 Byte 3 




















The following code fragment example describes the method used to capture the 24-bit signa- 
ture for any screen. It is assumed the test pattern is already loaded into the frame buffer. 


signature_capture() /*capture 24-bit signature*/ 
{ 
unsigned int LowByte, MiddleByte, HighByte; 


in.x.ax = 0x0100; /* shut off the cursor, if in text 
mode* / 
in.x.cx = 0x2000; 


int86x (0x10, &in, &out, &seg); 





outp (0x3c4, 0x18); /* point to SR18*/ 
outp (0x3c5, 2); /* reset SG */ 
outp (0x3c5, 0); /* take away reset */ 
outp (0x3c5, 1); /* and start the SG with VSYNC */ 
result = inp (0x3c5); /* read once before WHILE */ 
while ((result & 0x01) !=0); /* wait for bit 0 to clear */ 
{ 
outp (0x3c4, 0x18); /*needed for some product*/ 
result = inp (0x3c5); 
} 
outp (0x3c4, 0x19); /* point to low byte of sig */ 
LowByte = inp (0x3c5); /* and read it */ 
outp (0x3c4, Ox1A); /* point to middle byte */ 
MiddleByte = inp (0x3c5); /* and read it */ 
outp (0x3c4, 0x18); /*point to high byte*/ 


outp (0x3c5, 0x04); 

outp (0x3c4, OxlA); 

HighByte = inp (0x3c5); /*and read it*/ 
} 
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5.2 


5.3 


5.4 


Signature Type 00 1 (MD Generator and LUT Data SG) 


This mode allows the device to be tested without a frame buffer. Pseudo-random data is pre- 
sented on the MD pins while the signature is being captured. This data follows the normal data 
path back in through the MD pins, the FIFO, and other VGA logic to the pixel bus and the SG. 


The previous code fragment example can be used with a single change. At the point where 
the SG is started (/*and start the SG with VSyYNC */) the constant 0x3c5 should be 
changed to 0x21 to set bit 5 as well as bit 0. 


In a final test environment where a frame buffer is available to contain the test pattern, there 
is no good reason to use this signature mode. It is intended for only factory testing where no 
frame buffer is available. 


Signature Type 01 1 (DAC SG with V-Port™ Data Generator) 


The V-Port data generator is running. This makes it possible to enable the video capture hard- 
ware, writing the data captured from the V-Port data generator to the frame buffer. There must 
be a frame buffer available. The program must read the captured data from the frame buffer to 
verify that it was correctly stored. 


Signature Type 10 0 (BitBLT SG with no Data Generator) 


The signature is captured on the data of all memory bus reads and writes (but not refreshes) 
while the generator is enabled. Display FIFO memory reads must be disabled by programming 
SR1[5] to ‘1’ so that only BitBLT reads and writes are captured. 


The signature is not captured for a single frame; the programmer has explicit control over this 
period with SR18(0]. 


The signature is captured on 16 memory data bits at a time; four passes are required to exer- 
cise all 64 memory data bits. The bits used during each pass are specified in SR18[3:2]. Set 
SR18[4] to ‘0’ to guarantee compatibility with future upgrades. 
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5.5 


5.6 


The following code fragment example can be used to exercise the BitBLT SG. 


BitBLT_signature () /*exercise bitBLT signature*/ 
{ 
unsigned int i, LowByte, HighByte, cmr; 


unsigned int Signature[4]; 


outp (0x3c4, 1); /* point to Clocking Mode Register */ 
emr = inp (0x3c5); /* to restore */ 
outp (0x3c5, cmr | 0x20); /*set Full Bandwidth */ 
for (i = 0; i < 4; itt); /*cycle through four data Words */ 
{ 
outp (0x3c4, 0x18); /* point to SR18*/ 
outp (0x3c5, 0x02); /* reset SG */ 
outp (0x3c5, 0); /* take away reset */ 
outp (0x3c5, i<<2 | Oxal);/* and start the SG */ 


/* set up and execute the BitBLT(s) here */ 


/* be sure and wait for the last one to finish */ 


outp (0x3c4, 0x19); /* point to low byte of sig */ 
LowByte = inp (0x3c5); /* and read it */ 
outp (0x3c4, Oxl1A); /* point to high byte */ 
HighByte = inp (0x3c5); /* and read it */ 
Signature[i] = (HighByte<<8) + LowByte; 
} /*end of for i loop */ 

outp (0x3c4, 1); /*restore*/ 

outp (0x3c5, cmr); /*Clocking Mode Register*/ 


} 


Signature Type 10 1 (BitBLT SG with MD Data Generator) 


Information on this signature type will be provided upon silicon characterization. 


Signature Type 11 1 (BitBLT SG with V-Port™ Data Generator) 


The device is programmed for video capture (see Chapter 9 for additional programming infor- 
mation). The V-Port data generator applies a data pattern to the video port that is compressed 
at the MD lines by the BitBLT SG. 
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2.1 


2.2 


PIN SCAN 


INTRODUCTION 


Pin-Scan testing is a technique for verifying that an IC has been properly soldered to a circuit 
board. Any IC signal pin that is not connected to the board, or that is shorted to any neighbor- 
ing pin or trace, can be detected using this technique. The advantage of Pin-Scan testing is 
that the test patterns to verify full board connectivity are much simpler than would otherwise 
be possible. The pins are connected sequentially around the IC in a single chain, so that the 
value on each output pin depends only on the values applied to other pins, rather than the 
internal state of the VGA processor. In addition, the Pin-Scan logic is strictly combinatorial, so 
no clock pulses are required. 


The first pin in the chain is an input pin; the last pin is an output pin. Each input signal is 
XOR’ed (exclusive-OR’ed) with the scan data from its lower-numbered neighboring input or 
output pin. The result of this XOR is passed to its higher-numbered neighbor. Each output pin 
will be driven with the value passed from its lower-numbered neighbor; that value is inverted 
and passed to its higher-numbered neighbor. 


TEST METHOD 


In Pin-Scan mode, the test program begins by driving all the input pins to ‘1’, and verifying that 
the output pins match the values shown in the table that follows. On subsequent cycles, the 
program drives each input pin, one at a time, to ‘0’ and verifies that all the ‘down-stream’ out- 
puts match the values shown. In each case, the output is inverted from the value for the all- 
zeroes case. 


If the value applied to an input pin is changed and the ‘down-stream’ output pins do not 
change, then that input is shorted or not soldered. If any single output is wrong, then it is either 
shorted or not soldered. 

Entering Pin-Scan Mode 

The CL-GD5480 is placed into Pin-Scan mode by making RST# low for at least 20 ns while 
GPIOD4 (CF5) is low, then making RST# high. 

Exiting Pin-Scan Mode 

The CL-GD5480 is removed from Pin-Scan mode by making RST# low with GPIOD4 (CF5) 
high. 

PIN SCAN ORDER 


Table B7-1 indicates the pins that are outputs, and indicates the level to be expected for the 
two cases of ‘All Inputs = 1’ and ‘One Upstream Input = 0’. The In/Out column in this table 
describes the pin during pin scan testing, not necessarily during normal device operation. 
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Table B7-1. Pin Scan Order 
Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 
AD31 3 In 
AD30 4 In 
AD29 5 In 
AD28 6 In 
AD27 7 In 
AD26 8 In 
AD25 9 In 
AD24 10 In 
C/BE3# 12 In 
IDSEL 13 In 
AD23 14 In 
AD22 15 In 
AD21 16 In 
AD20 17 In 
AD19 18 In 
AD18 19 In 
AD17 20 In 
AD16 21 In 
C/BE2# 23 In 
FRAME# 24 In 
IRDY# 25 In 
TRDY# 26 In 
DEVSEL# 28 In 
STOP# 29 In 
PAR 30 In 
C/BE1# 31 In 
AD15 33 In 
AD14 34 In 
AD13 35 In 
AD12 36 In 
Copyright 1996 — Cirrus Logic Inc. B7-3 


November 1996 


APPENDIX B7 — PIN SCAN CL-GD5480 Technical Reference Manual 


Table B7-1. Pin Scan Order (cont.) 










































































Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 
AD11 37 In 
AD10 38 In 
AD9 39 In 
AD8 41 In 

C/BEO# 42 In 
AD7 43 In 
AD6 44 In 
AD5 45 In 
AD4 46 In 
AD3 48 In 
AD2 49 In 
AD1 50 In 
ADO 51 In 
MD32 53 In 
MD33 54 In 
MD34 56 In 
MD35 57 In 
MD36 58 In 
MD37 59 In 
MD38 60 In 
MD39 61 In 
MD48 63 In 
MD49 64 In 
MD50 65 In 
MD51 66 In 
MD52 68 In 
MD53 69 In 
MD54 70 In 
MD55 71 In 
DQM4 73 In 
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Table B7-1. Pin Scan Order (cont.) 
Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 

DQM5 74 In 

MD40 75 In 

MD41 76 In 

MD42 77 In 

MD43 78 In 

MD44 80 In 

MD45 81 In 

MD46 82 In 

MD47 83 In 

DQM5 84 In 

DQM7 85 In 

MD56 87 In 

MD57 88 In 

MD58 89 In 

MD59 90 In 

MD60 91 In 

MD61 92 In 

MD62 94 In 

MD63 95 In 

CSO# 96 Out 1 0 
RAS# 97 Out 0 1 

MAO 98 In 

MA1 99 In 

MA2 101 In 

MA3 102 In 

MA4 103 In 

MA5 104 In 
SMCLK 105 In 

MA6 106 In 

MA7 107 In 
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Table B7-1. Pin Scan Order (cont.) 
Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 
MA8 109 In 
MA9 110 In 
WE# 111 In 
CAS# 112 Out 0 1 
CS1# 113 Out 1 0 
MD16 115 In 
MD17 116 In 
MD18 117 In 
MD19 118 In 
MD20 119 In 
MD21 120 In 
MD22 122 In 
MD23 123 In 
DQM2 124 In 
DQM1 125 In 
MD8 126 In 
MD9 127 In 
MD10 129 In 
MD11 130 In 
MD12 131 In 
MD13 132 In 
MD14 133 In 
MD15 134 In 
DQM3 136 In 
DQMO 137 In 
MD24 138 In 
MD25 139 In 
MD26 140 In 
MD27 141 In 
MD28 143 In 
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Table B7-1. Pin Scan Order (cont.) 










































































Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 
MD29 144 In 
MD30 145 In 
MD31 146 In 
MDO 148 In 
MD1 149 In 
MD2 150 In 
MD3 151 In 
MD4 152 In 
MD5 154 In 
MD6 155 In 
MD7 156 In 
MISC 157 Out 0 1 
EVIDEO# 158 In 
ESYNC# 159 In 
EDCLK# 160 In 
PO 161 In 
P1 162 In 
P2 163 In 
P3 164 In 
P4 165 In 
P5 166 In 
P6 167 In 
P7 168 In 
BLANK# 170 In 
DCLK 171 In 
VSYNC 172 In 
HSYNC 173 In 
GPIORDY 177 In 
GPIORD# 178 Out 1 0 
GPIOWR# 179 Out 0 1 
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Pin Name Pin Number | In/Out | All Inputs = 1 1 Input = 0 
GPIOAS# 180 Out 1 0 
GPIOCS# 181 Out 0 1 
GPIODO 182 In 
GPIOD1 183 In 
GPIOD2 184 In 
GPIOD3 185 In 
GPIOD4 187 In 
GPIOD5 188 In 
GPIOD6 189 In 
GPIOD7 190 In 
EROM# 192 In 

I2CDAT 201 In 
I2CCLK 202 Out 1 0 
RST# 204 In 
REQ# 205 Out 1 0 
GNT# 206 In 
PCICLK 207 In 
INTR# 2 In 0 1 

















Some pins are not included in the pin scan; these are listed in Table B7-2. These pins are ana- 
log rather than digital. Also, the power pins are not included in the pin scan. 


Table B7-2. Non-Scanned Pins 























Pin Name Number 
XTAL 174 
OSC 175 
RSET 194 
BLUE 195 

GREEN 196 
RED 197 
IREF 199 
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DDC2B/I2C SUPPORT 


1. INTRODUCTION 
The CL-GD5480 supports a two-pin open-collector interface. This is typically used for DDC2B 
or I2C support. 


The interface is mechanized with two open-collector pins that can be driven to ground with reg- 
ister bits and whose levels can be sensed with register bits. Table B8-1 shows the pins and the 
associated register bits. 


Table B8-1. DDC2B Support 





CL-GD5480 . ‘ Feature 
Pin Name Read Port | Write Port DB15 Pin Connacice 
I2CDAT (pin 201) SR8[7] SR8[1] MID1 (pin 12) 713 
I2CCLK (pin 202) SR8[2] SR8[0] MIDS (pin 15) 27 
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GENLOCK SUPPORT 


1. INTRODUCTION 


When mixing video from multiple sources onto a single screen, it is necessary to synchronize 
the sources. This synchronization can be done by using a frame buffer, or it can be done by 
forcing the multiple video sources into synchronization with each other. In the latter case, one 
of the sources provides the timing and the others slave themselves to this timing. This is 
referred to as GENLOCK. 


2. GENLOCK ONTHE CL-GD5480 


The CL-GD5480 can GENLOCK to an external VSYNC, an external HSYNC, or both. When 
using GENLOCK, the CL-GD5480 must be supplied with an external VCLK (it does not 
recover the pixel clock from HSYNC). The clock is supplied on the DCLK pin, with EDCLK# 
being held low. 3C2[3:2] must be programmed to ‘1X’ so that the external clock drives the 
CRTC as well as the DAC. 


The external master supplies HSYNC and VSYNC to the display, as well as to the CL-GD5480. 
The diagram in Figure B9-1 shows the connections that must be made when video is being 
overlaid via the P[7:0] bus. 









HSYNC/VSYNC 
> 





RGB 1 
EXTERNAL VIDEO SOURCE -———_———» MONITOR 


EVIDEO# 













CL-GD5480 


EDCLK# 
GROUNDED 


Figure B9-1. Video Overlay Connections 
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The external source provides all raster timing in the form of DCLK and both SYNCs. EDCLK# 
on the CL-GD5480 is tied low so that DCLK is an input. The CL-GD5480 is programmed for 
both VSYNC and HSYNC GENLOCK so both SYNC pins are inputs, preventing a bus crash. 


3. VSYNC GENLOCK PROGRAMMING 


If CR1C[7] is programmed to ‘1’, VSYNC GENLOCK is enabled. The VSYNC pin becomes an 
input. The falling edge of the VSYNC input is synchronized to VCLK and, after two VCLK 
edges, the vertical counter resets on the next HSYNC. The next HSYNC after that signals the 
beginning of the first scanline of the next field. 


Program VTOTAL (registers CR7—CR6) so that the external VSYNC occurs before the pro- 
grammed value is reached. That is, program the CRTC timing for a somewhat greater than the 
actual vertical period, then truncate as necessary. 


4. HSYNC GENLOCK PROGRAMMING 


If CR1C[6] is programmed to ‘1’, HSYNC GENLOCK is enabled. The HSYNC pin becomes an 
input. The falling edge of the HSYNC input is synchronized to VCLK, and after two VCLK 
edges, the character clock generator (which is a VCLK counter) is cleared. 


The next character clock (now synchronized to HSYNC at a VCLK resolution) forces the hori- 
zontal timing generator to the state equivalent to horizontal total. The horizontal counter is 
cleared three character clocks later, and display data begins after the display pipeline delays 
normally present for the current display mode (typically three character clocks plus five 
VCLKs). 


Program HTOTAL (register CRO) so that the external HSYNC occurs before the programmed 
value is reached. That is, program the CRTC timing for somewhat greater than the actual hor- 
izontal period, then truncate as necessary. 
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MANUFACTURING TEST 


1. INTRODUCTION 


The Manufacturing Test program (MFGTST.EXE) tests a graphics system based on the 
CL-GD5480. This can be the final test before the product is shipped. The tests include: 

e Write/read/compare tests of all register groups. 

e Write/read/compare tests of all frame buffer RAM. 

e Display patterns for visual verification of all primary display modes. 

e 2D drawing engine verification. 

Also included is a complete set of miscellaneous display tests designed to verify proper oper- 


ation of the CL-GD5480. Extensive use of the enhanced signature generator automates sys- 
tem verification. 


2. OPERATING INSTRUCTIONS 


The MFGTST.EXE program is easy to install and operate. The [Tab] key allows the user to 
jump between the three different windows on the MFGTST display: Test Groups, Test Cases, 
and Test Log windows. The arrow keys highlight the users selections and controls the cursor 
within the MFGTST windows. 


To obtain additional help concerning a function in MFGTST, the test technician can press the 
F1 key. Help in the MFGTST dialog boxes is available by tabbing to the Help option and press- 
ing [Enter]. 


To exit to the DOS prompt, the test technician can simultaneously press the [Alt] and [X] keys 
or tab to the diamond in the upper-left corner of the MFGTST display and press [Enter]. 


When a triangle is displayed in the lower-right corner of the Test Cases window, there are more 
listed test cases for a specific group. To go to the last Test Cases, the test technician can use 
the arrow keys. To view the remainder of the tests listed, continue using the down arrow key. 


3. INSTALLING AND STARTING MFGTST 


To install the MFGTST.EXE program, first copy two files onto the disk drive. An optional set of 
.MFG files can also be copied to the drive to provide additional test cases. Follow the proce- 
dure listed below to install and start the MFGTST program. 

1) Create a new directory called MFGTST and copy the files MFGTST.EXE and DOS4GW.EXE (a 
DOS extender file allowing the program to run as a 32-bit program) into the mfgtst directory. (Ref- 
erence the DOS documentation on creating directories and copying files. DOS4GW.EXE is not 
required in a future release). 


2) Tocreate a custom initialization file (MFGTST.INI) when first starting MFGTST, refer to Section 3.1. 
This provides the correct command line extensions and cancels the next two steps. 


3) Type mfgtst atthe MFGTST directory to start the MFGTST.EXE program. 
4) Press [ENTER]. 
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3.1 


NOTE: To redirect MFGTST to a serial terminal setup for ANSI/VT100 emulation, type mfgtst 
/com:1:19200:n:8:1. This sets MFGTST to load and direct output to COM1 at 19200 
baud, no parity, 8 data bits, and 1 stop bit. 


5) A dialog box inquires whether to “Save the Program Configuration (MFGTST.INI)?” Select OK to 
create the initialization file MFGTST.INI. Select Cancel if an initialization file is unnecessary. To cus- 
tomize your .INI file, press [Alt] and [X] simultaneously and go back to the DOS prompt. Then ref- 
erence Section 3.1 to obtain the correct command line extensions for customization. 


For effective and efficient use of the MFGTST.EXE program, read Section 4 before running 
any tests. 


Command Line Options 


MFGTST creates an initialization file (MFGTST.INI). Add command line options to customize 
or change the initialization file. To have the MFGTST program custom-build a_.INI file: 


1) Type mfgtst command at the mfgtst directory when starting the MFGTST program to create or 
change the MFGTST.INI (where command is a command line option selected from Table B10-1). 
For example, to run in Quiet mode, type mfgtst/q atthe MFGTST directory. 


Table B10-1. MFGTST Command Line Options 


















































Command Description of Option 
Iv Verbose mode 
/a OEM Auto 
Ic Continue 
/b Batch mode 
/f Log file 
/m OEM Menu mode 
/q Quiet mode 
/t Set random seed 
le Engineering mode 
vga Output to VGA device 
/vgaalt Output to VGA device using alternate colors 
/mda Output to MDA (monochrome) adapter 
/com Output to COM port. Input several parameters. 
eens Set number of output terminal lines to <n>. 
(Default = 25 lines.) 
jilseis Set number of log window (menu mode) lines to <n>. 
(Default = 6 lines.) 
/fu:<fl> Set User Configuration file to <fl> and read in at start-up. 














2) AMFGTST prompts a dialog box to save the Program Configuration. Click OK to have MFGTST 
automatically create the new MFGTST.INI file. 
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4.1 


The MFGTST.INI dialog box is always available to create a new initialization file. This is 
invoked by pressing [Alt] and [F] simultaneously and then pressing [S], which saves the current 
configuration. The command line options for loading MFGTST are saved in the .INI file. All 
command line options override corresponding settings in the initialization file (MFGTST.INI). 


USING MFGTST 


To run a single test in a Test Group once, tab the cursor to the Test Cases window and use the 
arrow keys to scroll up and down the list. When the name of the desired test is highlighted, 
press [Enter]. A ‘p:’ in front of the Test Group name signifies that the test has passed. A ‘F!’ in 
front of the Test Group name signifies that the test has failed. A ‘c!’ indicates the test did not 
run. 


To select or deselect several Test Groups and Test Cases, press the space bar. A symbol 
appears to the left of the selected groups and cases. Tab between the Test Groups and Test 
Cases and use the arrow keys to scroll up and down the list. Simultaneously pressing [Alt] and 
[M], marks all tests in a group to run (symbols appear next to all marked tests). To unmark all 
tests in a group, press [Alt] and [U] simultaneously. 


To run several Test Cases for a Test Group, mark the appropriate tests, and tab the cursor to 
the Test Groups window. Press [Enter] on the name of the Test Group. All selected tests in that 
group then run. 


To run all selected Test Cases in all marked Test Groups, press [Alt] and [R] to run all marked 
tests. 
Special Keystrokes 


To easily navigate around the three windows in the MFGTST display, refer to Table B10-2. 
Using the keystrokes marked with an asterisk (*) in the Description column prompts additional 
text windows, described in the following sections. 


Table B10-2. MFGTST Keystrokes 























Keystroke Description 
FA Help * 
F2 Run test controls dialog box * 
Alt+F File operations * 
Alt+R Run all marked tests 
Alt+X Exit program 
Alt+V Display modes dialog 
Alt+M Mark all test cases in a group 
Alt+U Unmark all test cases in a group 
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4.1.1 


Using the [F1] Keystroke 
When you press [F1], the Help Topic dialog box appears displaying the following options: 


To get to the respective option’s text box, tab to the option and press [Enter] or press the high- 
lighted letter of the option. Selecting the (A)bout option displays the Cirrus Logic copyright and 
version information for the MFGTST program. Selecting the ‘(K)eystrokes’ option displays the 
keystroke information found in Table B10-2. The ‘(T)est:...’ option is available, depending on 
the currently highlighted test. When ‘(T)est:...’ is available, it provides additional information 
about that test. The ‘(R)esults:...’ option is available, depending on the currently highlighted 
test. When ‘(R)esults:...’ is available, it provides additional information about the results of that 
test. 


Using the [F2] Keystroke 


Press [F2] to bring up a dialog box of test control options that controls looping through various 
tests. Note that not all test controls are fully implemented. To use the test controls, click on or 
tab to one of the following options and press [Enter]. 


e [Options for Run All Marked Tests] 

e [General Options for Run Each Test] 

e [Specific Options for Run Each Test] 

e [Run All Marked Tests] 

The ‘(Options for Run All Marked Tests]’ controls duration and the amount of loop times in the 
tests. [General Options for Run Each Test]’ controls the duration for repeating the test and for 


what display modes and random speed. ‘[Specific Options for Run Each Test]’ is not yet imple- 
mented. ‘[Run All Marked Tests]’ runs all selected tests in all selected groups. 


Using the [Alt]+[F] Keystrokes 
After simultaneously pressing the [Alt]+[F] keys, the File Operations menu appears and dis- 
plays the following options: 
e (S)ave Configuration 
e (U)ser File... 
e (L)og File... 
e E(x)it Program 
To use the above options, tab to the option and press [Enter] or press the highlighted letter of 
the option. Selecting ‘(S)ave Configuration’ saves a new MFGTST.INI file with the current 
options. If no MFGTST.INI file is found, this option automatically comes up at launch. Selecting 


‘(U)ser File’ prompts a dialog box, allowing loading and saving the User Options File by file 
name. User Options Files currently acknowledge the tests/groups that are selected and pro- 
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vide additional information about running tests/options. Selecting ‘(L)og File’ prompts a dialog 
box to create log files. Press the ‘Log File Help’ button for additional information. Selecting 
‘E(x)it Program’ closes the MFGTST program. 


5. UPDATES 


The manufacturing test program is regularly updated. As time permits, more tests are added 
to the manufacturing test software. These tests support new functions and features of current 
and future products. Contact Cirrus Logic for up-to-date manufacturing test software and doc- 
umentation. 
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GENERAL-PURPOSE I/O 


1. INTRODUCTION 


The CL-GD5480 provides support for a single additional peripheral device, such as an MPEG 
decoder. The support includes address decoding, an 8-bit data port, and cycle timing gener- 
ation. This allows an additional device without violating the PCI ‘one-load’ specification. 


PCI WORD cycles are converted to two 8-bit GPIO cycles and PCI dword cycles are converted 
to four 8-bit GPIO cycles. 


In addition, the CL-GD5480 supports two bits of programmable output and one bit of input. 


2. GPIO CONFIGURATION 


Two configuration bits specify whether GPIO exists and, if so, the address space used. PCI 
configuration register PCI18 specifies where the GPIO is in the address space. 


Table B11-1. GPIO Configuration4 








CF3 CF2 
GPiop2 | aPiop1 | GP!O Poll’ 
X 1 Disabled Returns all ‘0’s 
1 0 32 bytes I/O 31:5 specify base, bit 0 = 1 PCI04[0] = 0 disables 





31:12 specify base, bit 0 = 0 


0 e 32 bytes memory | (4996 bytes claimed) 




















a ‘0’ indicates the presence of a pull-down resistor. 


GPIO can be configured for 32 bytes of I/O space or 32 bytes of memory space. When GPIO 
is configured for memory, 4 Kbytes are claimed, even though only 32 bytes are actually used. 
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3. PINS REDEFINED 


Table B11-2 summarizes the pins that are used for the GPIO bus. 


Table B11-2. GPIO Pins 
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Pin GPIO Aisa 
Number Purpose 

GPIOD7 8-bit data bus OUT1, BIOSD7 
189 GPIOD6 OUTO, BIOSD6 
188 GPIOD5 BIOSD5 
187 GPIOD4 GPIOA4, BIOSD4 
185 GPIOD3 GPIOA3, BIOSD3 
184 GPIOD2 GPIOA2, BIOSD2 
183 GPIOD1 GPIOA1, BIOSD1 
182 GPIODO GPIOAO, IN, BIOSDO 
181 GPIOCS# Active-low chip select 
180 GPIOAS# Active-low address strobe BIOSA11 
179 GPIOWR# Active-low IO write command Active-low DS#, BIOSA9 
178 GPIORD# Active-low |O read command R/W#, BIOSA10 
177 GPRDY/GPDT Ready DTACK# 











The data bus is also used as the address bus and. An external 74LS273, octal, edge-triggered 
flip-flop is used to capture the address (and programmable outputs) at the beginning of the 


cycle. 


4. CYCLE TYPE CONTROL 


GR19[6,1] are used to specify the cycle type. Typically, they are programmed to the same 
value. ‘0’ in each bit is used for ISA-bus cycles; ‘1’ in each bit is used for Motorola® peripheral 


cycles. 


4.1 Command Type Control 


GR19[6] specifies the type of read/write control signals the CL-GD5480 generates. If GR19[6] 
is ‘0’, the CL-GD5480 generates |ORD#/IOWR# controls. If GR19[6] is ‘1’, the CL-GD5480 
generates R/W# DS# controls. 
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4.2 


Cycle Termination Control 


GR19[1] specifies the cycle termination type, summarized in Table B11-3. If GR19[1] is ‘0’, the 
cycle is terminated when RDY is sampled high. When GR19[1] is ‘1’, the cycle is terminated 
with an active pulse on DTACK#. 


Table B11-3. Cycle Termination and Data Timing 

















Data Valid Data Sampled TRDY# 
SR TStt") Cyee yee for write on Read Returned 
: 3 Next CLK after RDY 
0 RDY Prior to IOWR# | Trailing edge of IORD# is sampled true 
1 DTACK# Prior to DS# Leading edge of DIACK# | Next CLK after DIACK# 














CYCLE TIMING 


The details of the cycle timing are controlled with bits in GR19. Table B11-4 summarizes the 
meaning of the timing control bits in register GR19. 


Table B11-4. Timing Control Bits in GR19 














GR19[x] Symbol 
5 Minimum command strobe active 2PCICLK | 4 PCICLK tg 
4 CS# to Command (IORD#/IOWR#/DS#) 1 PCICLK | 2 PCICLK Figure B11-1: to 
3 Command to Ready sampled 1 PCICLK | 2PCICLK tg 
2 AS# to CS# delay 1 PCICLK | 2 PCICLK Figure B11-1: t 
1 Cycle termination RDY DTACK# 




















Figure B11-1 shows the beginning of any cycle. The address (and programmable outputs) are 
valid at the rising edge of GPIOAS#. After the address and enables have settled on the output 
of the external flip-flops, GPIOCS# is made active. The delay from GPIOAS# to GPIOCS# is 
controlled by GR19[2]. This is timing parameter t, in Figure B11-1. 


After an additional delay, controlled by GR19[4], the command goes active. This is timing 
parameter ts in Figure B11-1. The timing diagram shows all three possible commands 
(GPIOWR#, GPIORD#, and GPIODS#). Only one of these goes active during any real cycle. 
If the GPIO port is configured for R/W# DS# controls, R/W# is active with GPIOAS#. The com- 
mand remains active for a minimum of 2 or 4 PCICLKs cycles, depending on the programming 
of GR18[5]. 
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GPIODI7:0 ADDRESS WRITE DATA VALID 
eo (OUT[1:0)) OR INPUTS FOR READ CYCLE 


GPIOAS# 


t 


GPIOCS# 


ty 


GPIOWR# 
GPIORD# 
GPIODS# 


Figure B11-1. GPIO Timing: Cycle Beginning 


For GPIORDY terminated cycles, the CL-GD5480 begins to sample GPIORDY 1 or 2 clocks 
after the command is active, according to GR19[3]. This is timing parameter ty in Figure B11- 
2. If it is sampled low (not ready), it controls the length of the cycle. If it is sampled high (ready) 
then GR19[5] controls the length of the cycle. This is parameter tg in Figure B11-2. The cycle 
continues until parameter tg is satisfied or GPIORDY is samples high, whichever is later. If 
GPIORDY goes low and stays low, the system hangs waiting for TRDY#. Read data is latched 
into the CL-GD5480 with the trailing edge of IORD#. TRDY# is asserted on the next PCI clock 
after GPIORDY is sampled true. 
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tg 
GPIOWR# 
GPIORD# 


t4 


GPIORDY 


Figure B11-2. GPIORDY# Terminated Cycle 


For DTACK# terminated cycles, the CL-GD5480 keeps the command (typically DS#) active 
until DTACK# is sampled low. Read data is latched into the CL-GD5480 with the leading edge 
of DTACK#. TRDY# is asserted on the next PCI clock after DIACK#. If DTACK# never goes 
low, the system hangs waiting for TRDY#. 





GPIODS# 





ty 


DTACK# 


Figure B11-3. DTACK# Terminated Cycle 
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6. PROGRAMMABLE I/O 


The CL-GD5480 supports two bits of programmable output and one bit of input. 


The programmable input in on GPIODO. The level on this pin can always be sensed in 
GR17[7]. This pin is driven by CL-GD5480 during the address phase of any GPIO cycle and 
during the data phase of a GPIO write. An external device can drive the pin at any other time. 


The programmable outputs are on GPIOD[7:6]. They are controlled with GR17[6:5], respec- 
tively. If GPIO is not enabled, the levels in GR17[6:5] control the pins except when the BIOS 
ROM is enabled in PCI14. 


If GPIO is enabled, the levels in GR17[6:5] control the pins during the address phase of any 
GPIO cycle. These levels are expected to be captured in the same octal flip-flop that captures 
the GPIO address. 


Any write to GR17 forces GPIOAS# active, even if GPIO is not enabled. 


7. BUS CONTENTION 


The GPIO pins are used for four distinct purposes. When RST# is active, they load the config- 
uration register. During this time, the device does not drive these pins (except for weak pull-up 
resistors) and no external device is allowed to drive them (except for pull-down resistors). 


When the BIOS is being read, these lines are used to input the data coming from the ROM. 
Only the ROM can be allowed to drive the GPIO pins. The CL-GD5480 does not drive the pins 
and no external device can drive them. If necessary, external devices can use the EROM# out- 
put as a gate or disable. 


When GPIO is enabled, the pins are used as a multiplexed address/data bus. The address is 
expected to be captured in an octal flip-flop during the address phase (GPIOAS# is timed for 
this purpose). The peripheral cannot drive the bus at all during a write cycle. It can not drive 
the bus during a read cycle until GPIOCS# and the appropriate strobe are both active. 
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2.1 


2.2 


SOFTWARE SUPPORT 


INTRODUCTION 


The CL-GD5480 VGA controller is available with the CL-GD5480 VGA BIOS and an extensive 
set of utilities and software drivers. The following sections briefly describe some of the utilities 
and software drivers available. 


To get an up-to-date list of BIOS, utilities, and software drivers supported, refer to the latest 
release of CL-GD5480 VGA BIOS and utilities, or the CL-GD5480 Display Drivers Release 
Kits. These programs are also available on the Cirrus Logic BBS, through ftp, and on the Cirrus 
Logic web site (see Appendix D1, “Cirrus Logic Bulletin Board Service, FTP, and WWW’, for 
further information). 


CL-GD5480 VGA SOFTWARE UTILITIES 


This section describes the software utilities provided with the CL-GD5480 VGA controllers, 
and explains the function and usage of each. 


CLMODE — A Display Mode Configuration Utility 


The CL-GD5480 VGA controllers have many more display modes than the original IBM VGA. 
To take advantage of high-resolution modes, a compatible monitor must be installed and the 
proper monitor parameters selected. 


The CLMODE utility provides a number of graphics configuration options, all of which are 
selectable from a menu or by direct keyboard input at the DOS command line. The menu 
options include: 


e Monitor-type selection based on monitor vertical and horizontal sync frequencies. 
e Selection and setting of VGA BIOS Standard and Extended display modes. 
e Extended display mode preview to verify high-resolution modes supported by the display subsystem. 


e Selection and setting of display refresh rates for each individual display mode resolution (that is, 
640 x 480, 800 x 600, 1024 x 768, and 1280 x 1024) to match display refresh rates supported by a 
monitor. 


VGA.EXE — RAMBIOS Utility 


This VGA.EXE utility is an executable version of the VGA BIOS EPROM code that can be 
loaded into DOS memory. VGA.EXE utility allows the VGA BIOS to be executed out of 16- or 
32-bit system memory, instead of an 8- or 16-bit bus ROM. This permits operations that use 
the VGA BIOS to run much faster. 


The most noticeable performance boost is in text modes where VGA BIOS character-write and 
text-scrolling functions are used. Common benchmark programs that can demonstrate this 
increased performance are: PC Bench™ from Ziff-Davis® Publishing Company, and QA Plus™ 
from Diagsoft®. 
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2.3 


However, most GUI applications do not heavily use the BIOS, so actual performance 
increases vary between applications, and in some cases, may not be significant. 


Many of the 86386 and later PCs automatically cache (copy into system memory) the VGA 
BIOS on boot up. This is sometimes called ‘Shadow RAM’. Here, the BIOS is already executing 
out of 16- or 32-bit memory, and the VGA.EXE utility is unnecessary. 


The VGA.EXE utility can be executed from the command line or named in the 
AUTOEXEC.BAT. The utility then automatically installs in system memory at the correct 
address, shortly after power-on or a warm-boot. 


The RAMBIOS utility only works with MS-DOS or PC-DOS, but does not work with OS/2®, 
Unix®, or Xenix®. 


OEMSI (OEM System Integration) Utility 


The OEMSI utility allows the Cirrus Logic VGA BIOS to be customized to system require- 
ments. Since OEMSI operates upon the binary (executable) image of the BIOS, source code 
is not necessary for customization. Several different derivative BlIOSes can be easily gener- 
ated from the same core, reducing maintenance problems and simplifying software-genera- 
tion control. If OEMSI utility is used, do not ship the RAMBIOS since using it overrides the 
changes. 


A wide range of parameters, default values, and tables can be easily modified or replaced 
using the OEMSI program. The following is a list of components of the Cirrus Logic VGA BIOS 
that can be modified with the OEMSI program. 


Sign-on Message 


In addition to the Cirrus Logic copyright notices displayed on system boot-up, custom copy- 
right messages can be inserted. The positioning of the cursor, after the copyright messages 
display, can also be changed. 


Monitor-type Configuration 


The mechanism for how monitor type is determined is selected by reading software-configu- 
ration switches, or by a software INT 15H call. 


Hardware Configuration Registers 


The CL-GD5480 VGA BIOS hardware configuration table includes register values pro- 
grammed at POST. This allows customizing of register values that program display dot clocks, 
memory clocks, and other programmable settings. 


Display Mode Parameter Tables 


These tables contain the complete set of register values for each Standard and Extended dis- 
play mode. Values for both the Standard VGA registers and Cirrus Logic Extension registers 
are contained in these tables, and can be customized to configure display refresh rates for indi- 
vidual display mode resolutions. 
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2.4 


2.5 


2.6 


2.7 


2.8 


2.9 


Font Tables 


All fonts used by the Cirrus Logic VGA BIOS can be modified or replaced by using the OEMSI 
utility. A flexible scheme is implemented, whereby font tables can be exported from the binary 
image of the BIOS or imported to it. 


Manufacturing Test Utility 


This is a DOS utility designed for board-level (verification and) diagnostics for an OEM manu- 
facturing environment. The test suites can be menu driven, or script driven for customized 
automated testing. The Manufacturing Test utility is discussed in Appendix B10, “Manufactur- 
ing Test”. 


DMI — Desktop Management Interface 


The DMI provides a standard interface in Windows 3.1 that handles communication between 
any management application and all the manageable products on or attached to a desktop PC 
or server. The primary elements of the DMI are the SL (Service Layer), provided by Cirrus 
Logic OEM's, and the MIF (Management Information Format), provided by Cirrus Logic. Refer 
to the documentation provided in the release diskette for more information. 


EZRez Utility 


This Windows 3.1 utility provides the capability of switching between resolutions on the fly. 
There are several buttons on a toolbar, depending on the total number of resolutions sup- 
ported. This toolbar is always visible on the display screen. 


WINMODE Utility 


This Windows 3.1 utility enables the user to set the refresh rate, resolution, and color depth of 
the graphics display. It also helps in the selection of the display monitor. 


CR_REF Refresh Utility 


This Windows 95/NT 4.0 utility enables the user to select different refresh rates for the avail- 
able resolutions. 


Color Correction Utility 


This Windows 95/NT 4.0 utility enables the user to access RGB gamma correction for all color 
depths, thus allowing the user to adjust for color distortion on the screen. 


CL-GD5480 VGA SOFTWARE DRIVERS 


Several text and graphics device drivers are available to enhance the operation of VGA graph- 
ics applications. These drivers are discussed in the following sections. 
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3.1 


Drivers Supplied 


The CL-GD5480 VGA controller needs no software drivers to run applications in Standard 
VGA modes. The drivers listed in Table C1-1 are provided as a service to the user for improved 
resolution and performance of many software packages. 


Table C1-1. Drivers Provided 


Drivers 


Microsoft® Windows® 95 





Microsoft® Windows® NT 3.51, 4.0 





Microsoft® Windows® 3.1x 





OS/2® v2.1, v2.11, v3.0 





AutoCAD® v12.0, v13.0 





MicroStation 


UNIX® (Solaris, SCO, Unixware) 





VPM provider under Windows® 3.1x and Windows® 95 














Cirrus Logic recognizes that quality device drivers are an important feature of any display sub- 
system and as such, our list of available device drivers is continuously expanding. For the lat- 
est list of available device drivers, please refer to the CL-GD5480 Software Drivers and Utilities 
Kit. 


SOFTWARE QUALITY ASSURANCE 
Cirrus Logic has an extensive quality assurance testing for its BIOS, drivers, and utilities. Test- 


ing covers BIOS, drivers, and utilities in all combinations of modes, operating systems, and 
configurations, including various application compatibility testing. 
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1.1 


1.2 


1.3 


1.4 


VGA BIOS 


BIOS OVERVIEW 


The CL-GD5480 VGA BIOS is a high-performance firmware product optimized to take full 
advantage of the CL-GD5480 VGA controller. The CL-GD5480 BIOS is based on proven BIOS 
technology, and is fully compatible with the IBM VGA BIOS INT 10H interface. The BIOS is 
designed to provide a well-defined interface between MS-DOS, application software, and spe- 
cial OEM utility programs. In addition, it provides an extended set of functions to support the 
CL-GD5480 VGA controller. This document discusses the standard VGA BIOS functions. The 
extended BIOS functions are discussed in Appendix C3, “BIOS Extensions”. 


Main BIOS Features 


The CL-GD5480 VGA BIOS supports the following key features: 
e Fully IBM VGA-compatible BIOS 


e Support for high-resolution, extended 256-color, Direct-Color™ and 16.8 million color 
True-color display modes 


e High-performance operation 

e Modular, proven design 

e Adapter or system board implementation (CO00/E000 segments) 
e Can be integrated with system BIOS 

e Supports switchless configuration 

e Can be customized without source code 

e VESA-compatible modes and interface 


Extended Display Mode Support 


The CL-GD5480 VGA BIOS provides full support for all extended high-resolution display 
modes through INT 10H function calls. In addition, the CL-GD5480 VGA BIOS supports a vari- 
ety of extended functions, such as VGA display configuration and extended VGA inquiry. For 
a detailed description of these functions, refer to Appendix C3. 


Direct-Color Operation 


The CL-GD5480 BIOS supports Direct-color and True-color display modes. These modes 
allow CL-GD5480 to display 32K, 64K, or 16.8 million colors at resolutions of up to 1024 x 768. 


High Performance 


The BIOS is optimized to provide maximum performance in adapter or motherboard imple- 
mentations. The CL-GD5480 local bus, display memory interface, memory clock, and dot clock 
configurations are configurable using the VGA BIOS. 
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1.5 


1.6 


1.7 


In addition, time-critical routines (such as, TTY output and scroll) are designed to provide max- 
imum throughput in both text and graphics modes. 


System Integration 


The CL-GD5480 VGA BIOS can be easily integrated for an adapter or motherboard design. 
The BIOS, 32-Kbytes in size, is provided for both the C000 and E000 address segments. To 
save space on the system board, the CL-GD5480 VGA BIOS can be incorporated into the sys- 
tem BIOS ROM at either CO00 or E000 addresses. 


The BIOS does not require DIP switches or external hardware for configuration. A well-defined 
interface to the CL-GD5480 BIOS configuration is available for system BIOS or OEM set-up 
routines. 


Customization 


The default CL-GD5480 BIOS is designed to be implemented without modification in almost 
all environments. However, the CL-GD5480 BIOS can also be easily customized for a specific 
system environment. Modifications can also be accomplished with the Cirrus Logic OEMSI 
(OEM System Integration) utility program; such modifications do not require the CL-GD5480 
VGA BIOS source code. Hundreds of BIOS parameters and features can be modified, includ- 


ing: 

e Sign-on message 

e Display type configuration 

e Display mode parameter tables 
e Font tables 


Compatibility 


The CL-GD5480 BIOS is 100% compatible with the IBM VGA BIOS and supports BIOS-level 
compatibility for adapter card or integrated VGA on the system board. In addition, the 
CL-GD5480 BIOS fully complies with the display modes and specifications issued by VESA 
(Video Electronics Standards Association). 


CL-GD5480 VGA BIOS INITIALIZATION 


This section to be expounded on silicon characterizaton. 


VIDEO BIOS INTERRUPT VECTORS 


The interrupt vectors that must be initialized by DOS (including the planar and video BlOSes) 
are listed in Table C2-6 on page C2-54. Of these, the vectors (at locations 0:0040, 0000:007C, 
0000:0108, 0000:010C) corresponding to vectors 10, 1F, 42, and 43 are managed by the Dis- 
play BIOS. 
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10h — Display Services (Vector Location = 0000:0040h) 


The CL-GD5480 BIOS functions are accessed using INT 10H. Application programs place a 
function code in Ah and if required, in other registers calling parameters, then executes an 
INT 10H instruction. When the BIOS gains control, the appropriate code is executed to per- 
form the function; parameter values can be left in processor registers to be returned to the call- 
ing program upon exit from the interrupt routine. 

The functions supported by the CL-GD5480 BIOS allow the calling program to 

e Set the current mode 

e Manipulate the cursor 

e Place characters and individual pixels on the display 

e Scroll the screen 

e Load character fonts and color palette values 

e Read the light-pen position. 


These functions are described in the following sections. 
1Dh — 6845 Initialization (Vector Location = 0000:0074h) 
This vector points to the parameter tables that set up the 6845. 
1Fh — CGA Character Set (Vector Location = 0000:007Ch) 


This pointer is for the table of the upper 128 characters in CGA modes 4, 5, and 6. The INT 
43h vector is for the lower 128 characters of these modes. 


42h — Old Video Services Pointer (Vector Location = 0000:0108h) 


This location was the INT 10H vector for planar BIOS video services. When the EGA/VGA is 
installed, BIOS routines reload this address with a pointer to the planar INT 10H video service 
routine entry point. 


43h — Graphics Character Table (Vector Location = 0000:010Ch) 


BIOS routines use this vector to point to a table of bitmaps used when graphics characters are 
displayed. This table is for the lower 128 characters in Display modes 4, 5, and 6. This table is 
also for 256 characters in all additional graphics modes (both IBM standard and Cirrus Logic 
extensions). 


The Interrupt 10h calls constitute the bulk of the services provided by the display BIOS and 
are described in detail later in this chapter. They are listed along with the function and subfunc- 
tion that define the particular service required. Note that some INT 10H services were intro- 
duced with the VGA and are not available on the earlier EGA. The services have been divided 
up into functional groupings. 
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Table C2-1. BIOS Routines Index 
Function | Subfunction | Name Page 
00h Set Display Mode C2-7 
Oth Set Cursor Type C2-8 
02h Set Cursor Position C2-9 
03h Get Cursor Position C2-9 
04h Get Light Pen Position C2-9 
05h Select Active Display Page C2-10 
06h Window Scroll Up C2-10 
07h Window Scroll Down C2-11 
08h Read Character/Attribute at Cursor Position C2-11 
09h Write Character/Attribute at Cursor Position C2-12 
OAh Write Character at Cursor Position C2-12 
OBh 00 Set Background/Border Color C2-13 
OBh Oth Select the Palette Set ey 
OCh Write Dot (Pixel) C2-14 
ODh Read Dot (Pixel) C2-14 
OEh Write Teletype Character to Active Page C2-14 
OFh Get Display State C2-15 
10h 00h Set Individual Palette register C2-15 
10h Oth Set Overscan (Border) register C2-15 
10h 02h Set All Palette registers and Overscan register C2-16 
10h 03h Toggle Intensity/Blinking C2-16 
10h 07h Read Individual Palette register C2-16 
10h 08h Read Overscan (Border) register C2-17 
10h 09h Read All Palette registers and Overscan register C2-17 
10h 10h Set Individual Color register C2-17 
10h 12h Set Block of Color registers C2-18 
10h 13h Select Color Page C2-18 
10h 15h Read Individual Color register C2-19 
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Table C2-1. BIOS Routines Index (cont) 










































































Function | Subfunction | Name Page 
10h 17h Read Block of Color registers C2-19 
10h 1Ah Read Current State of Color Page C2-20 
10h 1B Sum Color Values to Gray Shades C2-20 
11h 00h Load User Text Font C2-20 
11h Oth Load 8 x 14 ROM Text Font C2-21 
11h 02h Load 8 x 8 ROM Text Font C2-20 
11h 03h Select Block Specifier C2-23 
11h 04h Load 8 x 16 ROM Text Font C2-23 
11h 10h Load User Text Font and Reprogram Controller C2-24 
11h 11h Load 8 x 14 ROM Text Font and Reprogram Controller C2-26 
11h 12h Load 8 x 8 ROM Text Font and Reprogram Controller C2-27 
11h 14h Load 8 x 16 ROM Text Font and Reprogram Controller C2-28 
11h 20h Set Pointer of User’s Graphics Font Table to Interrupt 1Fh C2-29 
11h 21h Set Pointer of User’s Graphics Font Table to Interrupt 43h C2-30 
11h 22h Set Pointer of 8 x 14 ROM Graphics Font Table to Interrupt 43h | C2-30 
11h 23h Set Pointer of 8 x 8 ROM Graphics Font Table to Interrupt 43h C2-31 
11h 24h Set Pointer of 8 x 16 ROM Graphics Font Table to Interrupt 48h | C2-31 
11h 30h Get Font Information C2-32 
12h 10h Get Configuration Information C2-32 
12h 20h Select Alternate PrintScreen Routine C2-33 
12h 30h Select Scanlines (Alphanumeric Mode) C2-33 
12h 31h Enable/Disable Default Palette Loading C2-34 
12h 32h Enable/Disable display C2-34 
12h 33h Enable/Disable Grayscale Summing C2-34 
12h 34h Enable/Disable Cursor Emulation C2-35 
12h 35h Switch Active Display C2-35 
12h 36h Enable/Disable Screen Refresh C2-36 
13h Write String in Teletype C2-36 
1Ah 00h Get Display Combination Code C2-36 
1Ah Oth Set Display Combination Code C2-37 
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Table C2-1. BIOS Routines Index (cont) 
Function | Subfunction | Name Page 
1Bh Get Functionality/State Information C2-38 
1Ch 00h Get Buffer Size for Display State C2-41 
1Ch Oth Save Display State C2-41 
1Ch 02h Restore Display State C2-42 























DESCRIPTION OF FUNCTIONS 


Each function and subfunction in the standard VGA BIOS is described in the following sec- 


tions. These sections are ordered by function, then subfunction number. 


Function 00h: Set Display Mode 


[Entry] 


AH = 
AL = Display Mode (see below) 


[Return] 
NONE 
[Note] 

1) Display Mode Table for standard VGA: 
Mode Resolution 
00h/01h 40 x25 

(360 x 400) 
02h/03h 80 x 25 
(640 x 400) 
04h/05h 320 x 200 
(40 x 25) 
06h 640 x 200) 
(80 x 25) 
07h 80 x 25 
(720 x 400) 
08h-OCh Reserved 
ODh 320 x 200 
(40 x 25) 
OEh 640 x 200 
(80 x 25) 
OFh 640 x 350 
(80 x 25) 
10h 640 x 350 
(80 x 25) 
11h 640 x 480 
(80 x 25) 


00h 
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Type 
Text 


Text 
Graphics 
Graphics 


Text 


Graphics 
Graphics 
Graphics 
Graphics 


Graphics 


C2-7 


Colors 
16 


16 


4 


2 


Monochrome 


16 


16 


Monochrome 


16 


2 


Pages 
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2) 


3) 
4) 
5) 


6) 


7) 


12h 640 x 480 Graphics 16 1 
(80 x 25) 

13h 320 x 200 Graphics 256 1 
(40 x 25) 


If bit 7 of ALis set, the display buffer is not cleared. Otherwise, the display buffer clears during mode 
setting (EGA, VGA only) (Clear Screen). 


No hardware cursor in graphics modes. 
Default mode during POST: mode 3h = Color monitor, mode 07h = Monochrome monitor. 


There is no difference between modes 00h and 01h, 02h and O3h, or 05h and 06h on EGA/VGA. 
They are only different on CGA, which supports composite-display displays. 


The default settings of each display mode can be overridden by several subfunctions in function 12h 
or by supply user’s display service table, whose address is stored in BIOS data area 0040:A8h. 


See Appendix C3, “BIOS Extensions”, for extended modes. 


5.2 Function 01h: Set Cursor Type 


1) 
2) 


[Entry] 


AH = Oth 
CH = Start scanline of cursor (0 base) 
CL = End scanline of cursor (0 base) 


[Return] 


NONE 


[Notes] 


This function is available in text modes only. The values of cursor type are stored at [40:60]. 
The definition of value in register CH: 

Bit Definition 

7:6 Reserved = 0 

5 1 = No cursor display 


0 = Normal blinking cursor 
4:0 Start scanline (0 base) 


3) The definition of value in register CL: 


Bit Definition 

7 Reserved = 0 

6:5 Number of character skew 
4:0 End scanline (0 base) 


4) Default setting: 


Font Size Start End 
8x8 6 7 
8x 14 11 12 
8x16 13 14 
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5) Turn off cursor emulation to allow cursor displaying as the values set in the function call. The Cursor 
Emulation flag is located in bit 0 of [40:87]. It can be turned on/off by subfunction 34h of function 
12h call. 


6) If Cursor Emulation is turned off, the values passed in CH and CL are programmed literally into the 
hardware. 


5.3 Function 02h: Set Cursor Position 


[Entry] 
AH = 02h 
BH = Display page (0 base) 
DH = Row number of cursor location start (0 base) 
DL = Column number of cursor location end (0 base) 


[Return] 
NONE 


[Notes] 
1) This function is available for both text and graphics modes. 


2) If register DL is specified over the width of screen displayable area, the cursor wraps to the next row. 
If register DH is specified over the height of screen displayable area, the cursor disappears. 


3) Default setting for each mode: Cursor location at 0000h. 


4) BIOS maintains one cursor location for each page and supports up to eight pages. These values 
are recorded at [40:50], and occupy eight words (one word for each location). 


5.4 Function 03h: Get Cursor Position 


[Entry] 
AH = 03h 
BH = Display page (0 base) 


[Return] 
CH = Start scanline of cursor (0 base) 
CL = End scanline of cursor (0 base) 
DH = Row number of cursor start location (0 base) 
DL = Column number of cursor end location (0 base) 


[Note] 


1) The cursor type is same for all pages. The cursor location of each page is separately maintained. 


5.5 Function 04h: Get Light Pen Position (No longer Supported) 


[Entry] 
AH = 04h 
[Return] 
AH = 00h Light Pen inactive 
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or 

AH = Oth Light Pen active and returns following values 

BX = Pixel column (X coordinate in graphics modes (0 base) 

CX = Pixel row (Y coordinate in graphics modes above Mode O6h (0 base) 
CH = Pixel row (Y coordinate in Graphics Modes 04h — 06h (0 base) 
DH = Character row (Y coordinate in text modes (0 base) 
DL = Character column (X coordinate in text modes (0 base) 


[Notes] 
1) The color of background and foreground affects the sensitivity of light pen. 
2) High-resolution device affects the accuracy of light pen. 


5.6 Function 05h: Select Active Display Page 


[Entry] 
AH = 05h 
AL = Display page (0 base) 


[Return] 
None 


[Notes] 
1) The contents of each page is not altered by changing to other pages. 
2) Please refer to the display mode table of function OOh. 


5.7 Function 06h: Window Scroll Up 


[Entry] 
AH = 06h 
AL = Number of rows to be scrolled up (0 = scroll up and clear entire window) 
BH = Attribute to be used in inserting blank lines 
CH = Y coordinate of top left corner of window (0 base) 
CL = X coordinate of top left corner of window (0 base) 
DH = Y coordinate of bottom right corner of window (0 base) 
DL = X coordinate of bottom right corner of window (0 base) 


[Return] 
None 


[Notes] 


1) This function clears the entire window when it encounters the number of rows of window equal to 
the value in register AL or AL = 0. 


2) The image outside the window is unchanged. The cursor is not updated. 


3) Anew blank line with attribute value specified in BH is inserted from the bottom of the window when- 
ever an old line at the top of the window is scrolled out of the window. 


4) This function is available for both Text and Graphics modes. 
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5.8 Function 07h: Window Scroll Down 


1) 


2) 
3) 


4) 


[Entry] 


AH = 07h 

AL = Number of rows to be scrolled down (0 = scroll down and clear entire window) 
BH = Attribute to be used in inserting blank lines 

CH = Y coordinate of top left corner of window (0 base) 

CL = X coordinate of top left corner of window (0 base) 

DH = Y coordinate of bottom right corner of window (0 base) 

DL = X coordinate of bottom right corner of window (0 base) 


[Return] 


None 


[Notes] 


This function clears the entire window when it encounters the number of rows of window equal to 
the value in register AL or AL = 0. 


The image outside the window is unchanged. The cursor is not updated. 


A new blank line with attribute value specified in BH is inserted from the top of the window whenever 
an old line at the bottom of the window is scrolled out of the window. 


This function is available for both Text and Graphics modes. 


5.9 Function 08h: Read Character/Attribute at Cursor Position 


1) 
2) 
3) 
4) 


5) 


6) 


[Entry] 


AH = 08h 
BH = Display page (0 base) 


[Return] 


AH = Attribute (Valid on text modes) 
AL = ASCII character code 


[Notes] 


This function can read data from other valid inactive pages in multiple page modes at any time. 
The cursor is not updated after reading a character from the screen, and must be explicitly moved. 
No control characters (such as, LF, CR, BACKSPACE, and BELL) are recognized. 


In Graphics modes 04h-06h of the CGA adapter, the first half of the character font (Code 00h—7Fh) 
is only maintained in system ROM. To support the second half of the character font (Code 
80h—FFh), the Interrupt Vector 1Fh at 0000:007Ch, must be initialized to point to the second half of 
the character font. 


Graphics modes return the Character Code only. Three characters, 00h/20h/FFh, cannot be distin- 
guished, and the function always reads them back as Character Code 00h. 


The character codes are read back as Character Code 00h when they are written with a color the 
same as the background color in graphics modes. 
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5.10 Function 09h: Write Character/Attribute at Cursor Position 


1) 
2) 
3) 
4) 


5) 


6) 


7) 


8) 


[Entry] 
AH = 09h 
AL = ASCII character code 
BH = Display page (0 base) 


or 
BL = Attribute (text modes) 
Display color (graphics modes) 
CX = Repeat character count 
[Return] 
None 
[Notes] 


This function can write data to other valid inactive pages in multiple page modes at any time. 
The cursor is not updated after writing a character to the screen, and must be explicitly moved. 
No control characters (such as, LF, CR, BACKSPACE, and BELL) are recognized. 


Graphics modes 04h—06h of CGA adapter, the first half of the character font (Code OO0h—7Fh) is only 
maintained in system ROM. To support the second half of the character font (Code 80h—FFh), the 
Interrupt Vector 1Fh at 0000:007Ch, must be initialized to point to the second half of the character 
font. 


In Graphics modes, the color (attribute) is treated as pixel color to generate an ASCII character pat- 
tern. The color value is masked according to the number of colors in the display modes. 


The character codes are displayed as blank when they are written with the color the same as the 
background color in graphics modes. 


The characters written to the screen, specified in CX, should not extend to the next row in graphics 
modes or invalid results are generated. 


If bit 7 of register BL is set, the function takes the color value XOR’ed with the value in display mem- 
ory (valid in all graphics modes except mode 13h). This feature can be used in fast character/dot 
erasing. 


5.11. Function OAh: Write Character at Cursor Position 


[Entry] 
AH = OAh 
AL = ASCII character code 
BH = Display page (0 base) 


or 
BL = Foreground color (graphics modes only) 
CX = Repeat character count 

[Return] 
None 

[Notes] 
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1) This function can write data to other valid inactive pages in multiple page modes at any time. 
2) The cursor is not updated after writing a character to screen and must be explicitly moved. 
3) No-control characters (such as, LF, CR, BACKSPACE, and BELL) are recognized. 


4) Graphics modes 04h-06h of CGA adapter, the first half of the character font (Code 00h—7Fh) is only 
maintained in system ROM. To support the second half of the character font (Code 80h—FFh), the 
Interrupt Vector 1Fh at 0000:007Ch, must be initialized to point to the second font. 


5) In Graphics modes, the color (attribute) is treated as pixel color to generate AN ASCII character pat- 
tern. The color value is masked according to the number of colors in the display modes. 


6) The character codes are displayed as blank when they are written with the same color as the back- 
ground color in Graphics modes. 


7) The characters written to the screen, as specified in CX, should not extend to next row in Graphics 
modes or invalid results are generated. 


8) Ifbit 7 of register BL is set, the function takes the color value XOR’ed with the value in display mem- 
ory (valid in all Graphics modes except mode 13h). This feature can be used in fast character/dot 
erasing. 


5.12 Function OBh, Subfunction 00h: Set Background/Border Color 


[Entry] 
AH = OBh 
BH = 00h 


BL = Color Value (0 - 31: Low-Intensity Colors = 0-15, High-Intensity Colors = 16-31) 
— Border Color for text modes (modes 00h—03h) 
— Color for 640 x 200 Graphics mode (mode 06h) 


[Return] 
None 
[Note] 
1) There are several functions in function 10h that allow extensive display-colors control for both Text 


and Graphics modes. 


5.13 Function OBh, Subfunction 01h: Select Palette Set 


[Entry] 
AH = OBh 
BH = Oth (Valid on Modes 04h and 05h 320 x 200 only) 
BL = 0 — palette set: Background, Green, Red, Brown 
1 — palette set: Background, Cyan, Magenta, White 


[Return] 
None 


[Note] 
1) Forthe CGA adapter, the palette set is defined as follows: 
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Mode BL Palette Set 
04h 00h Background, Green, Red, Yellow 
Oih Background, Cyan, Violet, White 


O5h 00/01h Background, Cyan, Red, White 


5.14 Function 0Ch: Write Dot (Pixel) 


[Entry] 
AH = 0Ch 
AL = Color value for pixel (Bit 7 is XOR flag) 
BH = Display page (0 base) 
CX = X coordinate, column number (0 base) 
DX = Y coordinate, row number (0 base) 


[Return] 
None 
[Notes] 


1) Forthe coordinate range, please refer to the resolution field of display mode table in function OOh. 
2) If bit 7 of register AL is set, the requesting color value is XOR’ed with memory color value. 


5.15 Function 0Dh: Read Dot (Pixel) 


[Entry] 
AH = ODh 
BH = Display page (0 base) 
CX = X coordinate, column number (0 base) 
DX = Y coordinate, row number (0 base) 


[Return] 
AL = Dot (Pixel) color 
[Note] 


1) For the coordinate range, please refer to the resolution field of display mode table in function OOh. 


5.16 Function OEh: Write Character to Active RAM in Teletype Mode 


[Entry] 
AH = OEh 
AL = ASCII character 
BL = Foreground color in graphics modes 


[Return] 
None 


[Notes] 
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1) 


2) 
3) 
4) 
5) 


6) 


Control characters (such as LF, CR, Backspace, and BELL) are recognized. (ASCII codes: 
LF = OAh, CR = ODh, Backspace = 08h, BELL = 07h). 


Line wrapping and screen scrolling are supported. 
Cursor moves to next position after writing a character to the screen. 
PC BIOS version 10/19/81 or earlier; register BH must be set to ‘0’. 


If bit 7 of register BL is set in Graphics modes, the color value in the register is XOR’ed with the 
contents of display memory. 


In Text modes, the attribute of a character written to a new line is taken from the attribute of the last 
character in previous line. To control the attribute for a character, use function 09h with blank char- 
acter/attribute first before the function issued. 


5.17 Function OFh: Get Display State 


[Entry] 


AH = OFh 


[Return] 


AH = Number of displayable columns (1 base) 
AL = Current display mode 
BH = Current active page (0 base) 


5.18 Function 10h, Subfunction 00h: Set Individual Palette Register 
(Internal Palette Register) 


[Entry] 


AH = 10h 

AL = 00h (subfunction) 

BH = Color value 

BL = Palette register (O-OFh) 


[Return] 


None 


[Notes] 


1) Color value in the Internal Palette register serves as a pointer that points to one of external registers 


(RAMDAC). 


2) The color is not changed by this function on mode 13h. 


5.19 Function 10h, Subfunction 01h: Set Overscan (Border) Register 
[Entry] 


AH = 10h 
AL = Oth (subfunction) 
BH = Color value (OOh-FFh) 


[Return] 
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None 


[Note] 


1) The border color is driven by one of 256 external registers. 


5.20 Function 10h, Subfunction 02h: Set All Palette Registers and OverScan 
Register 


[Entry] 
AH = 10h 
AL = 02h (subfunction) 
ES: DX = Point to a 17-byte buffer 


[Return] 
None 


[Notes] 


1) The first 16 bytes in the buffer store the values for 16 internal Palette registers. The last byte is the 
value for the Overscan register. 


2) The display color is not affected, except Overscan register in mode 13h. 


5.21 Function 10h, Subfunction 03h: Toggle Intensify/Blinking Bit 


[Entry] 
AH = 10h 
AL = 03h (subfunction) 
BL = 00h — Intensify 
01h — Blinking 


[Return] 
None 


[Notes] 


1) Bit 7 of the attribute byte is interpreted according to the state set by this function. This function can 
provide 16 background colors (in intensify state) of 16-color Text modes. 


2) This function also supports Monochrome modes (07h, OFh). 
5.22 Function 10h, Subfunction 07h: Read Individual Palette Register 
(Internal Palette Register) 


[Entry] 
AH = 10h 
AL = 07h (subfunction) 
BL = Palette register (O-OFh) 


[Return] 


November 1996 C2-16 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual APPENDIX C2 — VGA BIOS 


BH = Color value 


[Note] 


1) The color value in the internal Palette register serves as a pointer to one of the external registers 
(RAMDAC). 


5.23 Function 10h, Subfunction 08h: Read OverScan (Border) Register 


[Entry] 
AH = 10h 
AL = 08h (subfunction) 


[Return] 
BH = Color value 


[Note] 
1) The border color is from OOh—-FFh. 


5.24 Function 10h, Subfunction 09h: Read All Palette Registers and OverScan 
Register 
[Entry] 
AH = 10h 
AL = 09h (subfunction) 
ES: DX = Point to a 17-byte buffer 


(The first 16 bytes returns values from the 16 Palette registers, respectively and the 
last byte is for the Overscan register). 


[Return] 
ES: DX = Point to the same buffer provided from the entry of function call. 


5.25 Function 10h, Subfunction 10h: Set Individual Color Register 
(RAMDAC/External Palette Registers) 


[Entry] 
AH = 10h 
AL = 10h (subfunction) 
BX = Color Register (QOh-FFh) 
DH = Red color 
CH = Green color 
CL = Blue color 
[Return] 
None 


[Notes] 


1) Currently, each color is a 6-bit value. All three colors, RGB, as a group form an 18-bit datum stored 
in the Color register. 
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2) The maximum displayable colors are 256 out of 256K colors (2 exponential 18). 
3) In standard VGA, mode 13h uses all 256 Color registers to display colors. 


4) The BIOS loads default values into the Color registers whenever function 00h (Set Display mode) 
is called. This is only true when the disable flag of the default palette loading is not set (refer to sub- 
function 31h of function 12h). 


5) With the gray-summing flag set or a grayscale monitor attached, the BIOS weighs the three color 
values and the sum-to-grayshade value, then uses the value for all three colors. 


5.26 Function 10h, Subfunction 12h: Set Block of Color Registers 


[Entry] 
AH = 10h 
AL = 12h (subfunction) 
BX = Start Color register (QOh-FFh) 
CX = Number of color registers to set 
ES: DX = Point to table of color values (each table entry is in RGB format) 


[Return] 
None 


[Notes] 


1) Currently, each color is a 6-bit value. All three colors, RGB, as a group form an 18-bit datum stored 
in the Color register. 


2) The maximum displayable colors are 256 out of 256K colors (2 exponential 18). 
3) In standard VGA, mode 13h uses all 256 Color registers to display colors. 


5.27 Function 10h, Subfunction 13h: Select Color Page (Not valid in Mode 13h) 


[Entry] 
AH = 10h 
AL = 13h (subfunction) 
BL = 00h (select paging mode) 
01h (select color page) 
When BL = 00h 
BH = 00h (select 4 pages of 64-color register page) 
Oth (select 16 pages of 16-color register page) 
When BL = 01h 
BH = Color page number (0 base) 
[Return] 
None 
[Notes] 


1) Alldisplay modes, except 256-color modes, are supported by this function. 


2) This function treats the 256-color registers as sets of 16- or 64-color registers. It can quickly display 
different colors by switching among color sets (pages). 


3) The default setting is Page 0 of 64-color Page mode after Display mode is set. Normally, function 
00h (Set Display mode) loads the default colors of the first 64-color registers (Page OOh) for all stan- 
dard VGA modes, except mode 13h (248 registers loading). 
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5.28 Function 10h, Subfunction 15h: Read Individual Color Register 
(RAMDAC/External Palette Registers) 


[Entry] 
AH = 10h 
AL = 15h (subfunction) 
BX = Color register (QOh-FFh) 


[Return] 
DH = Red color 
CH = Green color 
CL = Blue color 


[Notes] 


1) Currently, each color is a 6-bit value. All three colors, RGB, as a group form an 18-bit datum stored 
in the Color register. 


2) The maximum displayable colors are 256 out of 256K colors (2 exponential 18). 
3) In standard VGA, mode 13h uses all 256-color registers to display colors. 


4) With the gray-summing flag set, the only value returned from all three color elements of the Color 
register is the grayshade value. 


5.29 Function 10h, Subfunction 17h: Read Block of Color Registers 


[Entry] 
AH = 10h 
AL = 17h (subfunction) 
BX = Start Color register (QOh-FFh) 
CX = Number of Color registers to read 
ES: DX = Point to user-provided buffer for returned color values 


[Return] 


ES: DX = Point to same buffer from function call entry (buffer is treated as a color table and 
each entry of the table consists of three bytes in RGB format). 


[Notes] 


1) Currently, each color is a 6-bit value. All three colors, RGB, as a group form an 18-bit datum stored 
in the Color register. 


2) The maximum displayable colors are 256 out of 256K colors (2 exponential 18). 
3) In standard VGA, mode 13h uses all 256-color registers to display colors. 


4) BIOS loads the default values into the Color registers whenever function OOh (Set Display mode) is 


called. This is only true when the disable flag of the default palette loading is not set (please refer 
to subfunction 31h of function 12h). 


5) With the gray-summing flag set, the only value returned for all three colors is the grayshade value. 
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5.30 Function 10h, Subfunction 1Ah: Read Current State of Color Page (Not valid 


in Mode 13h) 
[Entry] 
AH = 10h 


AL = 1Ah (subfunction) 


[Return] 


BH = Current page (Value depends on Paging mode, 00h is default) 
BL = Current Paging mode 


(00h = 4 pages of 64-Color registers (default), 01h = 16 pages of 16-color registers) 


[Notes] 


1) All display modes, except 256-color modes, are supported by the function. 


2) This function treats 256-color registers as sets of 16- or 64-color registers. It can be used to quickly 
display different colors by switching among color sets (pages). 


3) Default setting is page 00h of 6-color page mode after Set Display mode. 


5.31 Function 10h, Subfunction 1Bh: Sum Color Values to Grayshades 


[Entry] 
AH = 10h 
AL = 1Bh (subfunction) 
BX = Start Color register (QOh-FFh) 
CX = Number of color registers to sum 


[Return] 
None 


[Note] 


1) This function sums the Color registers desired into grayshade values regardless the gray-summing 
flag. 


5.32 Function 11h, Subfunction 00h: Load User Text Font 


[Entry] 
AH = 11h 
AL = 00h (subfunction) 
BH = Number of bytes per character 
BL = Block to load (OOh—07h) 
CX = Number of characters to store 
DX = ASCII character ID of the first character in the font table (ES: BP) 
ES: BP = Point to user-provided font table 


[Return] 
None 
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1) 


2) 


3) 


4) 


5) 


[Notes] 


This function is only available for Text modes. The value in register BH represents the height of each 
character. The value can be the specified maximum of 32-bytes-per-character in the standard VGA 
specification. 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available for the Character Generator only. Consequently, the block value speci- 
fied in register BL is in the range of 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) Load fonts into desired blocks. 


b) Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


c) The bit 3 of the attribute byte serves as the Font Block Selector and foreground intensity for the 
character. 
Bit 3 = 0 — Primary font selected and normal display (eight foreground colors) 
if subfunction OOh of function 10h is called with BX = 0712h. 
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into Block 0, which is for both the primary and secondary 
font (256 displayable characters). 


Font loading by subfunction 00h requires caution. Since the controller is not reprogrammed, abnor- 
mal character display may occur. For example: 


a) Ifa font table is loaded to override the font in a block, a double image may result (especially 
when the loaded font size is smaller than the one previously displayed). In this instance, the 
application should use subfunction 10h. 


5.33 Function 11h, Subfunction 01h: Load 8 x 14 ROM Font 


[Entry] 


AH = 11h 
AL = 01h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 


None 


NOTE: _ This is actually an 8 x 16 font. 


1) 
2) 
3) 


[Notes] 


This function is only available for Text modes. 
The character height is 14 bytes, but the height of the display cell is same as the default setting. 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is only available for the Character Generator. Consequently, the block value speci- 
fied in register BL is in the range of 00h (Default) to 07h. 
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4) 


5) 


6) 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) Load fonts into desired blocks. 


b) Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


c) Bit3 ofthe attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 
Bit 3 = 0 — Primary font selected and normal display (eight foreground colors) 
if subfunction 00h of function 10h is called with BX = 0712h 
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors) 


The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable character). 


Font loading by subfunction 00h requires caution. Since the controller is not reprogrammed, abnor- 
mal character display may occur. For example: 


a) Ifa font table is loaded to override the font in a block, a double image may result (especially 
when the loaded font size is smaller than the one previously displayed). In this instance, the 
application should use subfunction 11h. 


5.34 Function 11h, Subfunction 02h: Load 8 x 8 ROM Font 


1) 
2) 


3) 


4) 


[Entry] 
AH = 11h 
AL = 02h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 
None 


[Notes] 
This function is only available for Text modes. 


The character height is eight bytes, but the height of the display cell is the same as the default set- 
ting. 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available only for the Character Generator. Consequently, the block value speci- 
fied in register BL is in the range of 00h (Default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) Load fonts into desired blocks. 


b) Subfunction 03h (Select Block Specifier) of function 11h is called to select two different font 
blocks out of eight font blocks; one for primary font, the other for secondary font. 
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c) Bit3 ofthe attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 
Bit 3 = 0 — Primary font selected and normal display (eight foreground colors) 
if subfunction OOh of function 10h is called with BX = 0712h 
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors) 


5) The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable characters). 


6) The font loading by subfunction 00h requires caution. Since the controller is not reprogrammed, 
abnormal character display may occur. For example: 


a) Ifa font table is loaded to override the font in a block, a double image may result (especially 
when the loaded font size is smaller than the one previously displayed). In this instance, the 
application should use subfunction 12h. 


5.35 Function 11h, Subfunction 03h: Select Block Specifier 


[Entry] 
AH = 11h 
AL = 03h (subfunction) 
BL = Selection of character generator blocks 


[Return] 
None 
[Notes] 
1) The definition of the value in register BL as follows: 
Bits Font Blocks 
4,1,0 Primary Font Block (OOh—07h) 
5,-3,-2 Secondary Font Block (OOh—07h) 


2) For EGA-compatible operation, bits 1:0 are used for the primary font; bits 3:2 for the secondary font. 


3) To retain eight consistent colors during 512-character display, subfunction 00h of function 10h must 
be called first with the following setting: 


AX = 1000h, BX = 0712h 


5.36 Function 11h, Subfunction 04h: Load 8 x 16 ROM Font 


[Entry] 
AH = 11h 
AL = 04h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 
None 
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5.37 


1) 
2) 
3) 


4) 


5) 


6) 


[Notes] 
This function is only available for Text modes. 
The character height is 16 bytes, but the height of the display cell is the same as the default setting. 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
and is available for the Character Generator only. Consequently, the block value specified in register 
BL is in the range of 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) Load fonts into desired blocks. 


b) Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


c) Bit3 ofthe attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 
Bit 3 = 0 — Primary font selected and normal display (eight foreground colors). 
if subfunction OOh of function 10h is called with BX = 0712h 
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors). 


The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable characters). 


The font loading by subfunction 00h requires caution. Since the controller is not reprogrammed, 
abnormal character display may occur. For example: 


a) If a font table is loaded to override the font in a block, a double image may result (especially 
when the loaded font size is smaller than the one previously displayed). In this instance, the 
application should use subfunction 14h. 


Function 11h, Subfunction 10h: Load User Text Font and Reprogram 
Controller 


[Entry] 
AH = 11h 
AL = 10h (subfunction) 
BH = Number of bytes per character 
BL = Block to load (OOh—07h) 
CX = Number of characters to store 
DX = ASCII character ID of the first character in the font table (ES: BP) 
ES: BP = Point to user-provided font table 


[Return] 
None 


[Notes] 


1) This function is only available for Text modes. 
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2) The value in register BH represents the height of each character. The value can be the specified 
maximum of 32 bytes-per-character in standard VGA specification. 


3) 


4) 


5) 


6) 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available for the Character Generator only. Consequently, the block value speci- 
fied in register BL is in the range of 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) 
b) 


c) 


Load fonts into desired blocks. 


Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


Bit 3 of the attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors). 

if subfunction OOh of function 10h is called with BX = 0712h 

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 

else, 

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors). 


The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable characters). 


Subfunction 10h is almost identical to subfunction 00h, except for the following differences: 


a) 
b) 
c) 


d) 


e) 


f) 


Page 00h must be active. 
Character height (bytes-per-character) is recalculated. 


Number of rows (0 base) are recalculated as: 
(scanlines-per-screen + Character Height) — 1 


The length of the display buffer is recalculated as: 
(Total number of rows x Total number of columns) x 2 (1 base) 


The CRTC registers are reprogrammed as follows: 


Index Register Name Change 

09h Maximum scanlines Character Height — 1 
OAh Cursor Start Character Height — 2 
OBh Cursor End Character Height — 1 


12h Vertical Display Enable End 
For 350 or 400 scanline modes 


(Rows per screen X Character Height) — 1 

For 200 scanline modes 

(Rows per screen X Character Height) X 2) — 1 

14h Underline LocationCharacter Height — 1 
(mode 07h only) 


It must be called immediately after function 00h call (Set Display Mode) or the result is unpre- 
dictable. 
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5.38 Function 11h, Subfunction 11h: Load 8 x 14 ROM Font and Reprogram 
Controller 


NOTE: 


[Entry] 


AH = 11h 
AL = 11h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 


None 


This is actually an 8 x 16 font. 


[Notes] 


1) This function is only available for Text modes. 


2) The character and display cells are both 14-bytes high (scanlines). 


3) 


4) 


5) 


6) 
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In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available for the Character Generator only. Consequently, the block value speci- 
fied in register BL is in the range of 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) 
b) 


c) 


Load fonts into desired blocks. 


Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


Bit 3 of the attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 

Bit 3 = 0 — Primary font selected and normal display (eight foreground colors). 

if subfunction 00h of function 10h is called with BX = 0712h 

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 

else, 

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors). 


The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable characters). 


Subfunction 11h is almost identical to subfunction 01h, except for the following differences: 


a) 
b) 
c) 


d) 


Page 00h must be active. 
Character Height = 14. 


Number of rows (0 base) are recalculated as: 
(scanlines-per-screen + Character Height) — 1 


The length of the display buffer is recalculated as: 


(Total number of rows x Total number of columns) x 2 (1 base) 
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e) The CRTC registers are reprogrammed as follows: 


Index Register Name Change 
09h Maximum Scanlines 13 (ODh) 
OAh Cursor Start 12 (OCh) 
OBh Cursor End 13 (ODh) 
12h Vertical Display Enable End (Rows per screen x 14) — 1 
14h Underline Location 13 (ODh) 


(mode 07h only) 


f) It must be called immediately after function 00h call (Set Display Mode) or the result is unpre- 
dictable. 


5.39 Function 11h, Subfunction 12h: Load 8 x 8 ROM Font and Reprogram 
Controller 


[Entry] 
AH = 11h 
AL = 12h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 
None 


[Notes] 
1) This function is only available for Text modes. 
2) The height of character and display cell are all 8 bytes (scanlines). 


3) In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available for the Character Generator only. Consequently, the block value speci- 
fied in register BL is in the range of 00h (default) to 07h. 


4) Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by: 


a) Load fonts into desired blocks. 


b) Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


c) Bit3 ofthe attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 
Bit 3 = 0 — Primary font selected and normal display (eight foreground colors). 
if subfunction OOh of function 10h is called with BX = 0712h 
Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors). 


5) The default setting by the BIOS loads a font into Block 0 used for both the primary and secondary 
fonts (256 displayable characters). 
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6) Subfunction 12h is almost identical to subfunction 02h, except for the following differences: 


a) 
b) 
c) 


d) 


e) 


f) 


Page 00h must be active. 
Character Height = 8. 


Number of rows (0 base) are recalculated as 
(Scanlines per screen + Character Height) — 1 


The length of display buffer is recalculated as: 
(Total number of rows x Total number of columns) x 2 (1 base) 


The CRTC registers are reprogrammed as follows: 


Index Register Name Change 

09h Maximum Scanlines 7 (07h) 

OAh Cursor Start 6 (06h) 

OBh Cursor End 7 (07h) 

12h Vertical Display Enable End (Rows per screen x 8) — 1 
14h Underline Location 7 (07h) 


(mode 07h only) 


It must be called immediately after function 00h call (Set Display Mode). Otherwise, the result 
is unpredictable. 


5.40 Function 11h, Subfunction 14h: Load 8 x 16 ROM Font and Reprogram 
Controller 


1) 
2) 
3) 


4) 


November 1996 


[Entry] 


AH = 11h 
AL = 14h (subfunction) 
BL = Block to load (OOh—07h) 


[Return] 


None 


[Notes] 


This function is only available for Text modes. 


The height of character and display cells are all 16 bytes (scanlines). 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts 
at any time and is available for the Character Generator only. Consequently, the block value speci- 
fied in register BL is in the range of 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously display- 
able characters, instead of 256 characters. The way to display two different fonts at one time can be 
accomplished by the following: 


a) 
b) 


c) 


Load fonts into desired blocks. 


Subfunction 03h (Select Block Specifier) of function 11h is called to select two out of eight dif- 
ferent font blocks; one for the primary font, the other for the secondary font. 


Bit 3 of the attribute byte serves as the Font Block Selector and foreground intensity for the char- 
acter. 


Bit 3 = 0 — Primary font selected and normal display (eight foreground colors). 
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If subfunction 00h of function 10h is called with BX = 0712h 

Bit 3 = 1 — Secondary font selected and normal display (eight foreground colors) 
else, 

Bit 3 = 1 — Secondary font selected and intensity display (16 foreground colors). 


5) The default setting by the BIOS loads a font into Block 0 used for both primary font and secondary 
font (256 displayable characters). 


6) Subfunction 14h is almost identical to subfunction 04h, except for the following differences: 
a) Page 00h must be active. 
b) Character Height = 16. 


c) Number of Rows (0 base) are recalculated as: 
(Scanlines per screen + Character Height) — 1 


d) The length of display buffer is recalculated as: 
(Total number of rows x Total number of columns) x 2 (1 base) 


e) The CRTC registers are reprogrammed as follows: 


Index Register Name Change 
09h Maximum Scanlines 15 (OFh) 
OAh Cursor Start 14 (OEh) 
OBh Cursor End 15 (OFh) 
12h Vertical Display Enable End (Rows per screen x 16) — 1 
14h Underline Location 15 (OFh) 


(mode 07h only) 


f) It must be called immediately after function 00h call (Set Display Mode) or the result is unpre- 
dictable. 


5.41 Function 11h, Subfunction 20h: Set Pointer of User’s Graphics Font Table to 
Interrupt 1Fh 


[Entry] 
AH = 11h 
AL = 20h (subfunction) 
ES: BP = Point to user’s graphics font table 


[Return] 
None 


[Notes] 


1) The value in this Interrupt Vector serves as a pointer that points to the Graphics font for character 
codes (80h—FFh) in modes 04h, 05h, and 06h. 


2) Inthe CGA adapter, the planar BIOS only provides 128 character codes (OOh—7Fh). The user can 
supply the other half of the character codes (80h—FFh), or use GRAFTABL in DOS to load these 
character codes. 


3) This function must be called immediately after Set Display Mode. 
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5.42 Function 11h, Subfunction 21h: Set Pointer of User’s Graphics Font Table to 
Interrupt 43h 


[Entry] 
AH = 11h 
AL = 21h (subfunction) 
BL = Character rows specifier 
00h = Value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 
CX = Bytes per character 
DL = Number of character rows (if register BL = 00h) 
ES: BP = Point to user’s graphics font table 


[Return] 
None 


[Note] 


1) The value in this interrupt vector serves as a pointer that points to the Graphics font for character 
codes (OOh—7Fh) in modes 04h, 05h, and O6h. In all other Graphics modes, the vector also man- 
ages the Graphics font for character codes (OOh—FFh). 


2) Only call this function immediately after Set Display Mode. 
3) The portion of character rows above displayable rows is not displayed unless it is scrolled up. 


4) The overlapping screen may occur on display modes that use all display memory addresses, such 
as mode 13h. 


5.43 Function 11h, Subfunction 22h: Set Pointer of ROM 8 x 14 Graphics Font 
Table to Interrupt 43h 


[Entry] 

AH = 11h 

AL = 22h (subfunction) 

BL = The specifier of character rows on screen 
00h = Value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 

DL = Number of character rows to display (if register BL = 00h) 


[Return] 
None 


NOTE: _ This is actually an 8 x 16 font. 
[Notes] 
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1) The value in this interrupt vector serves as a pointer that points to the Graphics font for Character 
Codes (OOh—7Fh) in Modes 04h, 05h, and O6h. In all other Graphics modes, the vector also man- 
ages the Graphics font for character codes (OOh—-FFh). 


2) Only call this function immediately after setting Display Mode. 
3) The portion of character rows above displayable rows are be displayed unless it is scrolled up. 


4) The overlapping screen can occur on display modes that use all Display Memory addresses, such 
as mode 13h. 


5.44 Function 11h, Subfunction 23h: Set Pointer of ROM 8 x 8 Graphics Font Table 
to Interrupt 43h 


[Entry] 

AH = 11h 

AL = 23h (subfunction) 

BL = Specifier of character rows on screen 
00h = Value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 

DL = Number of character rows to display (if register BL = 00h) 


[Return] 
None 


[Notes] 


1) The value in this interrupt vector serves as a pointer that points to the Graphics font for character 
codes (OOh—7Fh) in modes 04h, 05h, and O6h. In all other Graphics modes, the vector also man- 
ages the Graphics font for character codes (OOh—FFh). 


2) Only call this function immediately after setting Display Mode. 
3) The portion of character rows above displayable rows are not displayed unless it is scrolled up. 


4) The overlapping screen can occur on display modes that use all Display Memory addresses, such 
as mode 13h. 


5.45 Function 11h, Subfunction 24h: Set Pointer of ROM 8 x 16 Graphics Font 
Table to Interrupt 43h 


[Entry] 

AH = 11h 

AL = 24h (subfunction) 

BL = Specifier of character rows on screen 
00h = Value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 

DL = Number of character rows to display (if register BL = 00h) 
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[Return] 
None 


[Notes] 


1) The value in this interrupt vector serves as a pointer that points to the Graphics font for character 
codes (OOh—7Fh) in modes 04h, 05h, and O6h. In all other Graphics modes, the vector also man- 


ages the Graphics font for character codes (OOh—-FFh). 
2) Only call this function immediately after setting Display Mode. 


3) The portion of character rows above displayable rows are not displayed unless it is scrolled up. 


4) The overlapping screen can occur on display modes that use all Display Memory addresses, such 


as mode 13h. 


5.46 Function 11h, Subfunction 30h: Get Pointer Information of Fonts 


[Entry] 

AH = 11h 

AL = 30h (subfunction) 

Bh = Pointer information of fonts 
00h — Current Font Pointer stored in Interrupt Vector 1Fh 
01h — Current Font Pointer stored in Interrupt Vector 43h 
02h — Font Pointer of ROM 8 x 14 Font Table 
03h — Font Pointer of ROM 8 x 8 Font Table (Character Codes 00h—7Fh) 
04h — Font Pointer of ROM 8 x 8 Font Table (Character Codes 80h—FFh) 
05h — Font Pointer of ROM 8 x 16 Alternate Font Table 
06h — Font Pointer of ROM 8 x 16 Font Table 
07h — Font Pointer of ROM 9 x 16 Alternate Font Table 


[Return] 
CX = Current character height (Bytes per Character) 
DL = Number of rows of current display mode (0 base) 
ES: BP = Pointer information of desired font 


5.47 Function 12h, Subfunction 10h: Get Current Display Configuration 


[Entry] 
AH = 12h 
BL = 10h (subfunction) 


[Return] 
BH = 0OOh — Color Mode (3Dx) 
01h — Monochrome Mode (3Bx) 
BL = Display Memory Size 
00h = 64 Kbytes 
O1h = 128 Kbytes 
02h = 192 Kbytes 
03h = 256 Kbytes 
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CH = Feature Bits Feature Control Output Input Status Register 0 — (3C2h) 
Bit Setting 
0 0 Bit 5 
1 0 Bit 6 
2 1 Bit 5 
3 1 Bit 6 
4-7 Reserved 


CL = Switch Settings Description 


Bit 0 Configuration Switch-1 
Bit 1 Configuration Switch-2 
Bit 2 Configuration Switch-3 
Bit 3 Configuration Switch-4 
Bits 4-7 Reserved 


5.48 Function 12h, Subfunction 20h: Alternate PrintScreen Handler 


[Entry] 
AH = 12h 
BL = 20h (Subfunction) 


[Return] 
None 


[Note] 


1) This function call replaces the original PrintScreen Interrupt Handler (Interrupt O5h) to support the 
modes whose displayable rows on screen are over 25 rows. 


5.49 Function 12h, Subfunction 30h: Select Scanlines for Text Modes 


[Entry] 

AH = 12h 

BL = 30h (Subfunction) 

AL = Specifier of scanlines 
00h = 200 scanlines 
01h = 350 scanlines 
02h = 400 scanlines 


[Return] 
AL = 12h (function supported) 


[Notes] 


1) The selected scanlines take effect on next mode setting. 
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2) Mode 07h only supports 350/400 scanlines. Modes 00h — 03h support 200, 350, 400 scanlines, 
respectively. 


3) 200 scanlines modes are double-scanned to 400 scanlines. 


5.50 Function 12h, Subfunction 31h: Enable/Disable Default Palette Loading 


[Entry] 
AH = 12h 
BL = 31h (subfunction) 
AL = 00h — Enable default palette loading 
01h — Disable default palette loading 


[Return] 
AL = 12h (function supported) 


[Notes] 


1) This function takes effect on next mode setting. 
2) All Internal/External Palette registers are affected. 


5.51 Function 12h, Subfunction 32h: Enable/Disable Display 


[Entry] 
AH = 12h 
BL = 32h (subfunction) 
AL = 00h — Enable Display 
01h — Disable Display 


[Return] 
AL = 12h (function supported) 
[Note] 


1) Display subsystem does not respond to any I/O or display memory addressing. 


5.52 Function 12h, Subfunction 33h: Enable/Disable Summing-to-Grayshades 


[Entry] 
AH = 12h 
BL = 33h (subfunction) 
AL = 00h — Enable summing-to-grayshades 
01h — Disable summing-to-grayshades 


[Return] 
AL = 12h (function supported) 


[Note] 


1) This function takes effect on a subsequent mode setting or internal/external palettes setting. 
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5.53 Function 12h, Subfunction 34h: Enable/Disable Cursor Emulation 


[Entry] 
AH = 12h 
BL = 34h (subfunction) 
AL = 00h — Enable cursor emulation 
01h — Disable cursor emulation 


[Return] 
AL = 12h (function supported) 


[Notes] 
1) This function takes effect on a subsequent mode setting or Function 01h call (set cursor type). 
2) Bit 0 of Address [40:87] Emulation Flag is affected. 


5.54 Function 12h, Subfunction 35h: Switch Display 


[Entry] 
AH = 12h 
BL = 35h (subfunction) 


AL = 00h — Initial display adapter turned off 
(ES:DX must point to a 128-byte buffer for switching state save area) 
01h — System board display turned on 
02h — Active display turned off (ES:DX must point to a buffer for switching state save 
area) 
03h — Inactive display turned on (ES:DX must point to a buffer which saves switching 
state previously) 
ES:DX = Buffer for switching state (valid when AL = 00h, 02h, or 03h) 


[Return] 
AL = 12h (function supported) 


[Notes] 
1) There are several requirements that must be met before using this function: 
a) Two display subsystems coexisting: system board display and display adapter. 
b) The usage of display resources conflicts between two display systems. 
c) Display adapter is primary display; system board is secondary display. 
d) This function must be supported by system board display and display adapter. 
2) If the first time switching from display adapter to system board display: 


Call the function with register AL = 00h 
Call the function with register AL = 01h 
else, 

Call the function with register AL = 02h 
Call the function with register AL = 03h 
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5.55 Function 12h, Subfunction 36h: Enable/Disable Screen Display 


[Entry] 
AH = 12h 
BL = 36h (subfunction) 
AL = 00h — Enable screen display 
01h — Disable screen display 


[Return] 
AL = 12h (function supported) 


[Note] 


1) This function can be used for fast display memory updating without losing synchronization. 


5.56 Function 13h: Write Teletype String 


[Entry] 

AH = 13h 

AL = Write function specifier 
00h — Write character string without updating cursor (BL = Attribute) 
01h — Write character string with updating cursor (BL = Attribute) 
02h — Write character/attribute string without updating cursor 
03h — Write character/attribute string with updating cursor 

BH = Display page (0 base) 

BL = Attribute (valid when AL = 00h or Oth) 

CX = String length 

DH = Start Y coordinate of string displayed on screen 

DL = Start X coordinate of string displayed on screen 

ES: BP = Start address of string (in Segment: Offset Format) 


[Return] 
None 
[Notes] 


1) Control Characters (such as, LF, CR, Backspace, and BELL) are recognized. (ASCII codes: LF = 
OAh, CR = ODh, Backspace = 08h, BELL = 07h). 


2) String can be written to any pages regardless of active state. 


3) Line wrapping and screen scrolling are supported. Screen scrolling is only supported on active 
page. 


4) if bit 7 of the BL register is set in graphics modes, the color value in the register is XOR’ed with the 
contents of display memory. 


5.57 Function 1Ah, Subfunction 00h: Get Display Combination Code (DCC) 


[Entry] 
AH = 1Ah 
AL = 00h (subfunction) 
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[Return] 
If function supported: 
AL = 1Ah 
BH = Alternate display code 
BL = Active display code 


[Notes] 
1) The index of current DCC entry in DCC table is stored in address [40:8A]. 
2) Display Combination code definition: 


Code Definition 

00h No Display 

Oth Monochrome Display Adapter (MDA) 

02h Color Display Adapter (CGA) 

03h Reserved 

04h EGA with Color Monitor (EGA) 

05h EGA with Monochrome Monitor (MEGA) 

06h Professional Graphics Adapter with Color Display (PGA) 

07h Video Graphics Array with Analog Monochrome Monitor (MVGA) 
08h Video Graphics Array with Analog Color Monitor (VGA) 


5.58 Function 1Ah, Subfunction 01h: Set Display Combination Code (DCC) 


[Entry] 
AH = 1Ah 
AL = 01h (subfunction) 
BH = Alternate display code 
BL = Active display code 


[Return] 
If function supported: 
AL = 1Ah 

[Note] 

1) Display Combination code definition: 

Code Definition 
00h No Display 
Oih Monochrome Display Adapter (MDA) 
02h Color Display Adapter (CGA) 
03h Reserved 
04h EGA with Color Monitor (EGA) 
05h EGA with Monochrome Monitor (MEGA) 
06h Professional Graphics Adapter with Color Display (PGA) 
07h Video Graphics Array with Analog Monochrome Monitor (MVGA) 
08h Video Graphics Array with Analog Color Monitor (VGA) 


2) User is responsible for providing correct DCC. There is no physical checking of the device. 
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5.59 Function 1Bh: Collection of Display Information 


[Entry] 


AH = 1Bh 
BX = 00h 
ES: DI = Pointer points to 128-byte buffer 


[Return] 
If function supported 
AL =1Bh 
[Notes] 
1) Display information in 128-byte buffer: 
Offset Size Definition 
00h 2 words Pointer points to collection of static functionality information 
04h Byte Current Display Mode 
05h Word Number of columns (1 base) 
07h Word Refresh Buffer Length (unit: byte) 
09h Word The starting address of Refresh buffer 
(Offset value relates to start of display memory; default = 0000h) 
OBh 8 words Cursor Position for each page (maximum eight pages supported) 
1Bh Word Current Cursor Type 
(High byte = start scanline; Low byte = end scanline) 
1Dh Byte Active Display Page 
1Eh Word Base Port Address of CRT Controller (CRTC) 
(Monochrome = 3Bxh, Color = 3Dxh) 
20h Byte Current setting of 3B8h or 3D8h (Mode Control register) 
2th Byte Current setting of 3B9h or 3D9h 
22h Byte Number of rows (1 base) 
23h Word Character height (1 base; unit: scanline) 
25h Byte Active Display Code 
26h Byte Alternate Display Code 
27h Word Number of displayable colors (1 base; monochrome = 0000h) 
29h Byte Number of Pages (1 base) 
2Ah Byte Specifier of vertical resolution 


00h = 200 scanlines 
01h = 350 scanlines 
02h = 400 scanlines 
03h = 480 scanlines 
04h—FFh = Reserved 


2Bh Byte Primary Font Block (OOh—07h) 
2Ch Byte Secondary Font Block (OO0h—07h) 
2Dh Byte Flags of Display State: 

Bit Definition 

7:6 Reserved 

5 0 = Background intensity 
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2E-30h Reserved 
31h Byte 
32h Byte 
33-3Fh Reserved 
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1 = Blinking (Default) 


4 0 = Cursor Emulation Disable 
1 = Cursor Emulation Enable 
3 0 = Default Palette Loading Enable 
1 = Default Palette Loading Disable 
2 0 = Color Monitor Attached 
1 = Monochrome Monitor Attached 
1 0 = Summing-to-grayshades Disable 
1 = Summing-to-grayshades Enable 
0 1 = All Modes are active on all displays 


Specifier of total display RAM 
00h = 64 Kbytes 

01h = 128 Kbytes 

02h = 192 Kbytes 

03h = 256 Kbytes 

04h—FFh = Reserved 

Save pointer state information: 


Bit Definition 

7:6 Reserved 

5 1 = Extension of Display Combination Code Active 
4 1 = Palette Override Active 

3 1 = Graphics Font Override Active 

2 1 = Alpha Font Override Active 

1 1 = Dynamic Save Area Active 

0 1 = 512-character Set Active 


2) Collection of static functionality information: 


Offset Size 
00h Byte 
Oth Byte 
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Definition 
Available display modes if bit set: 
Bit Display Mode 
0 00h 
1 Oth 
2 02h 
3 03h 
4 04h 
5 05h 
6 06h 
7 07h 
Available display modes if bit set: 
Bit Display Mode 
0 08h 
1 09h 
2 OAh 
3 OBh 
C2-39 November 1996 
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00h 


03—06h 
07h 


08h 
09h 
OAh 


OBh 


0C-ODh 
OEh 


OFh 


November 1996 


Byte 


Reserved 
Byte 


Byte 
Byte 
Byte 


Byte 


Reserved 
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4 OCh 

5 ODh 

6 OEh 

7 OFh 

Available display modes if bit set: 
Bit Display Mode 
0 10h 

1 11h 

2 12h 

3 13h 

4-7 Reserved 


Number of scanlines available in text modes: 
(subfunction 30h, function 12h) 


Bit Scanlines (if Bit = 1) 
0 200 

1 350 

2 400 

3-7 Reserved 


Number of active character blocks available in text modes 
Maximum number of character blocks available in text modes 
Supported functions (No. 1): 

Bit Function (if Bit = 1) 

0 All Modes on All Displays 

Summing to grayshades 

Character fonts Loading 

Default Palette Loading 

Cursor Emulation 

EGA Palettes (Internal Palettes) 

Color Palettes (External Palettes/RAMDAC) 
Color Paging 

Supported functions (No. 2): 

Bit Function (if Bit = 1) 

0 Reserved 

1 Save/Restore Display State 

2 Background Intensity/Blinking Control 

3 Set Display Combination Code 

4-7 Reserved 


NOOR WD = 


Save Pointer functions: 


Reserved 


Bit Function (if Bit = 1) 
0 512-character Set 

Dynamic Save Area 

Alpha Font Override 

Graphics Font Override 

Palette Override 

Extension of Display Combination Code 
—7 Reserved 


OakKRWND = 
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5.60 Function 1Ch, Subfunction: 00h: Get Buffer Size for Display State 


[Entry] 
AH =1Ch 
AL = 00h (subfunction) 
CX = Requested Display State: 
Bit Display State 


0 Hardware State 
1 BIOS Data Area 
2 Color registers (External Palettes/RAMDAC) 
3-15 Reserved 
[Return] 
If function supported 
AL =1Ch 
BX = Blocks/Buffer (Unit: 64 byte/block) 
[Note] 


1) This function reports the sufficient size of buffer to save display state. Call this subfunction first to 
guarantee subfunction 01h and 02h are performed successfully. 


5.61 Function 1Ch, Subfunction 01h: Saving Display State 


[Entry] 
AH =1Ch 
AL = 01h (subfunction) 
CX = Requested Display States: 
Bit Display States 


0 Hardware State 
1 BIOS Data Area 
2 Color registers (External Palettes/RAMDAC) 


3-15 Reserved 
ES: BX = Pointer points to buffer (Segment: Offset format) 


[Return] 


If function supported: 
AL =1Ch 
ES: BX = State information saved in user-supplied buffer 
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5.62 Function 1Ch, Subfunction 02h: Restore Display State 


[Entry] 
AH =1Ch 
AL = 02h (subfunction) 
CX = Requested Display States: 
Bit Display States 


0 Hardware State 
1 BIOS Data Area 
2 Color registers (External Palettes/RAMDAC) 


3-15 Reserved 
ES: BX = Pointer points to previous saved buffer (Segment: Offset format) 


[Return] 
If function supported: 
AL =1Ch 


6. VGA SLEEP MODE AND DISPLAY SWITCHING 


The IBM VGA standard supports a Sleep mode feature to enable/disable CPU addressing of 
the VGA subsystem display memory and |/O ports. For integrated VGA subsystems on the 
motherboard, the display subsystem is enabled or disabled by programming a Display Sub- 
system Enable register at I/O port 3C3h. On VGA adapter cards, a control register at I/O port 
46E8h is used. These two separate schemes of enabling/disabling addressing allows two 
VGAs (driving separate display monitors) to coexist in a system and have the capability to 
switch active display from one display to another. The IBM standard VGA BIOS supports a set 
of function calls to select Sleep mode and display switching features. 


The CL-GD5480 VGA controller, depending on the application, can be programmed to 
respond at either 3C3h or 46E8h I/O port for enabling/disabling CPU addressing. This allows 
for full IBM VGA compatibility, whether the design is an integrated motherboard VGA or an 
adapter card solution. 


7. ADDRESS MAPS 


The following tables provide background information regarding the usage of system memory, 
port address space, and interrupt vectors by DOS and its I/O routines (Planar and Peripheral 
BlOSes). The areas of interest to display subsystem users and designers are highlighted in 
bold text. 
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Table C2-2. MS DOS Memory Map After Loading 






































FEOQOOO—FFFFFF 128 Kbytes to ‘shadow’ system ROM BIOS 
100000—FDFFFF 15 Mbytes of extended memory in protected mode only 
FFFF:000F (1 Mbyte) 

Planar BIOS 
F000:0000 

Expansion BIOS (motherboard video BIOS) 
E000:0000 

Voice Communication BIOS/LIM EMS page map area 
D000:8000 

Network BIOS/LIM EMS page map area 
D000:0000 

LIM EMS page map area 
C000:C000 

Hard disk BIOS 
C000:8000 

EGA/VGA adapter BIOS 
C000:0000 

EGA display RAM 
B000:C000 

CGA display RAM (or HGC mode graphics RAM) 
B000:8000 

HGC display RAM 
B000:4000 

MDA/HGC display RAM 
B000:0000 

EGA/VGA display RAM 

Top of system RAM 

COMMAND.COM (transient portion), free RAM, COMMAND.COM (resi- 
A000:0000 dent portion), installable device drivers, file control blocks, disk buffers, 

DOS tables, DOS kernel (MSDOS.SYS), resident DOS device drivers 

(lIO.SYS) 
0000:0600 

ROM BIOS data area 
0000:0400 

Interrupt vectors 
0000:0000 
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Table C2-3. BIOS Data Area Assignments 








0040:0000 WORD COM1 Port base address 
0040:0002 WORD COM2 Port base address 
0040:0004 WORD COM3 Port base address 
0040:0006 WORD COM4 Port base address 
0040:0008 WORD Printer 1 port base address 
0040:000A WORD Printer 2 port base address 
0040:000C WORD Printer 3 port base address 
0040:000E WORD Printer 4 port base address 








0040:0010 WORD EQUIPMENT_FLAG 


Bit Description 
D[15:14] Number of printer adapters 
D[13:12] Reserved 














D[11:9] Number of RS232-C 
| D8 |Reseved | 
D[7:6] Number of diskette drives 
D[5:4] Identify the current primary display device: 
D5 | D4 Adapter 





0 0 | EGA (or none) 





0 1 | CGA 40 x 25 





1 0 | CGA 80x 25 





























1 1 MDA 
D[3:2] Reserved 
D1 Math coprocessor 
DO IPL diskette 
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Table C2-3. BIOS Data Area Assignments (cont) 








0040:0012 BYTE Reserved 

0040:0013 WORD USABLE_RAM_ Usable memory size in Kbytes 

0040:0015 BYTE Reserved 

0040:0016 BYTE Reserved 

0040:0017 WORD KBD_CNTRL _ Stores status of special keys 

0040:0019 BYTE ALT_KBD Alternate keypad entry 
0040:001A WORD KBD_BUF_HD Points to head of keyboard buffer 
0040:001C WORD KBD_BUF_TL Points to tail of keyboard buffer 
0040:001E 16 WDS KBD_BUFFER Circular keyboard buffer 

0040:003E BYTE Diskette drive recalibrate status 

0040:003F BYTE Diskette drive motor status 

0040:0040 BYTE Diskette drive motor off counter 

0040:0041 BYTE Last diskette driver operation status 
0040:0042 7 BYTES Diskette driver controller status 

0040:0049 BYTE VIDEO_MODE Current BIOS Video mode 
0040:004A WORD COLUMNS Number of text columns 


0040:004C WORD 


0040:004E WORD 


0040:0050 8 WDS 


0040:0060 WORD 


0040:0062 BYTE 


0040:0063 WORD 


0040:0065 BYTE 


0040:0066 BYTE 


PAGE_LENGTH 


START_ADDR 


CURSOR_POS 


CURSOR_TYPE 


ACTIVE_PAGE 


ADDR_CRTC 


CRT_PALETTE 


Length of each page in bytes 

Start Address register value for page 

Cursor positions for all eight pages 

The high byte of each word contains the character row; the low 
byte contains the column. 


Start and ending lines for text cursor 
The high byte contains the start line. 


Currently displayed page number 


I/O Port address of 6845/CRTC address register 
(3B4h monochrome; 3D4h color) 


CRT_MODE_SET Current value for Mode Control register 


(3B8h MDA; 3D8h CGA) 
The EGA and VGA values emulate the MDA/CGA values. 


Current value for the CGA color select register (3D9) 
Emulated by EGA/VGA. 
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0040:0067 DWORD 


0040:006B BYTE 


0040:006C DWORD 


0040:0070 BYTE 


0040:0071 BYTE 


0040:0072 WORD 


0040:0074 BYTE 


0040:0075 BYTE 


0040:0076 BYTE 


0040:0077 BYTE 


0040:0078 BYTE 


0040:0079 BYTE 


0040:007A BYTE 


0040:007B BYTE 


CL-GD5480 Technical Reference Manual 


Table C2-3. BIOS Data Area Assignments (cont) 


Pointer to MCA PS/2 reset code 
Reserved 

Timer counter 

Timer overflow 

Break key state 

RESET flag 

Last hard disk drive operation status 
Number of hard disk drives attached 
PC XT hard disk drive control 

PC XT hard disk drive controller port 
Printer 1 timeout value 

Printer 2 timeout value 

Printer 3 timeout value 


Printer 4 timeout value 








0040:007C BYTE 
0040:007D BYTE 
0040:007E BYTE 


0040:007F BYTE 


COM1 timeout value 
COM2 timeout value 
COMB timeout value 


COM4 timeout value 








0040:0080 WORD 


0040:0082 WORD 


Keyboard Buffer Start Offset pointer 


Keyboard Buffer End Offset pointer 
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Table C2-3. BIOS Data Area Assignments (cont) 


0040:0084 BYTE ROWS Number of text rows minus 1 


0040:0085 WORD CHAR_HEIGHT Bytes-per-character 








0040:0087 BYTE INFO_1 
Bit Description 
D7 Equals bit D7 from AL register on most recent mode select ( ‘1’ indi- 


cates display memory was not cleared by mode select) 
D[6:5] | Display memory size (00 = 64K, 01 = 128K, 10 = 192K, 11 = 256K). 
D4 Reserved. 











D3 ‘0’ indicates EGA is the primary display 











D2 ‘1’ forces the BIOS to wait for Vertical Retrace before memory write. 
D1 ‘1’ indicates that EGA is in Monochrome mode. 
DO ‘0’ indicates that CGA cursor emulation enabled. The cursor shape is 





modified if enhanced text is used. 
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Table C2-3. BIOS Data Area Assignments (cont) 


0040:0088 BYTE 


0040:0089 BYTE 



















































































INFO_3 
Bit Description 
D[7:4] Feature Control bits (from Feature Control register) 
D[3:0] EGA Configuration Switch settings 
FLAGS Miscellaneous flags 
Bit Description 
D7 Alphanumeric scanlines (with bit 4): 
7 4 | Mode 
0/0 350-line mode 
0 | 1 400-line mode 
1 0 200-line mode 
1 1 Reserved 
D6 ‘1’ indicates display switching enabled 
‘0’ indicates display switching disabled 
D5 Reserved 
D4 (see bit 7) 
D3 ‘1’ indicates default palette loading disabled 
‘0’ indicates default palette loading enabled 
D2 ‘1’ indicates using monochrome monitor 
‘0’ indicates using color monitor 
D1 ‘1’ indicates grayscale summing enabled 
‘0’ indicates grayscale summing disabled 
DO ‘1’ indicates VGA active 











‘0’ indicates VGA not active 
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0040:008A BYTE 
0040:008B BYTE 
0040:008C BYTE 
0040:008D BYTE 
0040:008E BYTE 
0040:008F BYTE 
0040:0090 BYTE 
0040:0091 BYTE 
0040:0092 BYTE 
0040:0093 BYTE 
0040:0094 BYTE 
0040:0095 BYTE 
0040:0096 BYTE 
0040:0097 BYTE 
0040:0098 WORD 
0040:009A WORD 
0040:009C WORD 
0040:009E WORD 
0040:00A0 BYTE 
0040:00A1 BYTE 
0040:00A2 BYTE 
0040:00A3 BYTE 
0040:00A4 BYTE 
0040:00A5 BYTE 
0040:00A6 BYTE 
0040:00A7 BYTE 


0040:00A8 DWORD 
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Table C2-3. BIOS Data Area Assignments (cont) 


Reserved 

Media control 

Hard disk drive controller status 
Hard disk drive error status 

Hard disk drive interrupt control 
Reserved 

Drive 0 Media state 

Drive 1 Media state 

Reserved 

Reserved 

Drive 0 Current cylinder 

Drive 1 Current cylinder 

Keyboard Mode State and Type flags 
Keyboard LED flags 

Address offset to User Wait Complete flag 
Segment address to User Wait Complete flag 
User wait count — low word (ysecs.) 
User wait count — high word (usecs.) 
Wait active flag 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 


SAVE_PTR Pointer to BIOS Save Pointer Table 








NOTE: 
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Table C2-4. I/O Port Assignment for PC XT and AT Computers 








Port Usage for PC XT ‘I/O Address Port Usage for AT 
DMA controller 000-OIF DMA controller 
Interrupt controller 020—03F Interrupt controller 
Timer 040-04F Coprocessor access, Timer 





050-05F Timer 





PPI (system configuration) 060-063 





060-06F Keyboard 











Reserved 070-07F Real-time clock 
DMA Page register 080—09F DMA Page register 
NMI Mask register OAO-OAF 





OAO-OBF Interrupt Controller 





Reserved OBO-OFF 





0CO-ODF DMA controller 





OFO-OFF Math coprocessor 









































Unusable 100-13F Reserved 

Unusable 140-14F Token ring adapter 

Unusable 150-15F Advanced color graphics display 
Unusable 160-16F Advanced monochrome graphics display 
Unusable 170-177 Fixed-disk adapter 

Unusable 1C0-1CF Token ring adapter 

Unusable 1E8—-1EF Streaming tape drive adapter 
Unusable IFO-IF7 Fixed-disk adapter 

Unusable 1F8—1FF Reserved 

Game I/O 200-20F Game I/O 

Expansion Unit 210-217 

Multifunction Card 218-21F Multifunction card 

Reserved 220—24F 





278-27F Parallel Port 2 
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Table C2-4. I/O Port Assignment for PC XT and AT Computers (cont.) 


Port Usage for PC XT_ I/O Address Port Usage for AT 


Clock Calendar 2C0-2CF Clock calendar 





2D0-2DF 3278/79 Emulation adapter, clock/calendar 




















Serial Port 4 2E0-2E7 

Serial Port 3 or 4 2E8-2EF 

Reserved 2F0-2F7 Interrupt sharing 
Serial Port 2 2F8—-2FF Serial Port 2 
Prototype Card 300-31 F Prototype card 
Fixed Disk 320-32F 





360-36F PC network 











Parallel Port 1 378-37F Parallel Port 1 
SDLC 380-38F SDLC, bisync 2 
Bisync 3A0-3AF Bisync 1 








MDA and printer adapter 3B0-3BF MDA, EGA/VGA, and printer adapter 























EGA/VGA Adapter 3C0-3CF EGA/VGA 

CGA 3D0-3DF CGA, EGA/VGA 
Reserved 3E0-3E7 

Serial Port 3 3E8-3EF 

Diskette Controller 3F0-3F7 Diskette controller 
Serial Port 1 3F8—-3FF Serial Port 1 





400-43F Reserved 





440-44F Coprocessor access 





450-50F Reserved 





510-52F Multi-protocol adapter 





550-557 Coprocessor to main CPU communication 





6FO-6F7 Interrupt sharing 
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Table C2-4. I/O Port Assignment for PC XT and AT Computers (cont.) 


























Port Usage for PC XT_ I/O Address Port Usage for AT 
910-92F Multi-protocol adapter 
D10-—D2F Extended monochrome graphics display 
E90—-E9F PSLA 
1230-124F 1st address range: multi-port async 
2230-224F 2nd address range: multi-port async 
3230-324F 3rd address range: multi-port async 
4230-424F 4th address range: multi-port async 
46E8 VGA add-in Adapter Sleep Enable 





NOTE: Use of port for this function is common, but not standard. 


Table C2-5. Interrupt Vector Assignments 









































Vector Table Entry INT Number Name 

0000:0000 0 Divide by Zero 

0000:0004 1 Single Step 

0000:0008 2 Non-maskable 

0000:000C 3 Break-Point 

0000:0010 4 Overflow 

0000:0014 5 Print Screen 

0000:0018 6 Reserved 

0000:001D 7 Reserved 

0000:0020 8 Time H/W IRQO 

0000:0024 9 Keyboard H/W IRQ1 

0000:0028 A Network H/W IRQ2 

0000:002C B Communications Port 2 H/W IRQ3 

0000:0030 Cc Communications Port 1 H/W IRQ4 
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Table C2-5. Interrupt Vector Assignments (cont) 


Vector Table Entry INT Number Name 

































































0000:0034 D Hard Disk H/W IRQ5 
0000:0038 E Diskette H/W IRQ6 
0000:003C F Printer H/W IRQ7 
0000:0040 10 EGA/VGA BIOS Video Services 

0000:0044 11 Equipment Check 

0000:0048 12 Determine Memory Size 

0000:004C 13 Diskette/Disk 

0000:0050 14 Communications 

0000:0054 15 Cassette 

0000:0058 16 Keyboard 

0000:005C 17 Printer 

0000:0060 18 Resident BASIC 

0000:0064 19 Bootstrap 

0000:0068 1A Time of Day 

0000:006C 1B Keyboard Break 

0000:0070 1C Timer Tick 

0000:0074 1D Video Initialization 

0000:0078 1E Diskette Parameters 








Optional pointer to upper 128 CGA 


0000:007C Tf, 8 x 8 characters 
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Table C2-6. Interrupt Vectors Reserved for Use by DOS 


Vector Table Entry INT Number Name 















































0000:0080 20 Program Terminate 

0000:0084 21 Function Request 

0000:0088 22 Terminate Process Exit Address 

0000:008C 23 Control-C Handler Address 

0000:0090 24 Critical Error Handler Address 

0000:0094 25 Absolute Disk Read 

0000:0098 26 Absolute Disk Write 

0000:009C 27 TSR (Terminate But Stay Resident) 
0000:00AA—00B8 28-2E Reserved 

0000:00BC 2F Print Spool Control 
0000:00C0—00FC 30-3F Reserved 

0000:0108 42 Old BIOS Video Services 

0000:010C 43 Pointer to CGA 8 x 8 Character Set 

NOTES: 


1) The INT 15 interrupt service handler has an additional responsibility in systems with an E000 seg- 
ment video BIOS; besides cassette service, it manages video subsystem services. 


2) The complete list of interrupt numbers goes to FFh; each vector is a dword so the pointer for INT 
xh is stored at absolute location 4xh. 
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2.1 


BIOS EXTENSIONS 


INTRODUCTION 


This appendix discusses the extensions to the VGA BIOS. The extensions unique to Cirrus 
Logic are covered in Section 2. How to contact VESA and the VESA BIOS extensions are dis- 
cussed in Section 3. 


The display mode tables are in Chapter 3, “Data Book”. 


CIRRUS LOGIC EXTENSIONS 


The Cirrus Logic BIOS supports all standard VGA BIOS INT 10H video service functions. In 
addition, the BIOS provides extensive support for various features of the Cirrus Logic VGA 
controller. These functions are available as extended functions under Interrupt 10h. 


The standard VGA BIOS Interrupt 10h video service functions are described in Appendix C2, 
“VGA BIOS”. 


All extended function calls preserve the CPU registers, except those used to pass information 
from the BIOS. 


Function Summary 


Table C3-1 provides an overview of the extended functions provided by the Cirrus Logic BIOS. 


Table C3-1. Function Summary 












































AH Register | BL Register | Function 
12h 80h Inquire VGA Type 
12h 81h Inquire BIOS Version Number 
12h 82h Inquire Design Revision Code 
12h 85h Return Installed Memory 
12h 9Ah Inquire User Options 
12h AOh Query Display Mode Availability 
12h Ath Read Monitor Type and ID 
12h A4h Set Monitor Type 
12h Abd5h Generic Fixup 
12h A7h Return capabilities 
12h AEh Get High Refresh 
12h AFh Set High Refresh 
12h BCh Set Mode Refresh Rate 
12h BDh Return Mode Refresh Rate 
12h BEh Get All Modes/Refresh Rates 

















November 1996 C3-2 Copyright 1996 — Cirrus Logic Inc. 


CL-GD5480 Technical Reference Manual 


2.2 Inquire VGA Type 


APPENDIX C3 —- BIOS EXTENSIONS 


This function provides a mechanism for software to determine the type of Cirrus Logic VGA 
controller, silicon revision number, and corresponding hardware capabilities. BIOS versions 
that do not support this family of function will preserve the input value in AL register. The VGA 
types of particular importance to the CL-GD5480 are in bold type. 


Input: AH= 
BL= 

Output: AX= 
BL = 


12h 
80h 


-—-+}O0NODOORWN-O 


— 

yO 
oJ 
ou il 


15h = 
16h = 
17h = 
18h = 
19h = 
20h = 
2ih= 
22h = 
23h = 
24h = 
3ih= 
32h = 
33h = 
35h = 
36h = 
39h = 
3Ah = 
40h = 
4ih= 
50h = 


Silicon revision number 


Controll 


er type 


No extended alternate select support 


Reserved 


CL-GD510/520 
CL-GD610/620 


CL-GD5320 
CL-GD6410 
CL-GD5410 
CL-GD6420 
CL-GD6412 
CL-GD5401 
CL-GD5402 
CL-GD5420 
CL-GD5422 
CL-GD5424 
CL-GD5426 
CL-GD5420r1 
CL-GD540er1 
CL-GD5428 
CL-GD5429 
CL-GD6205 
CL-GD6215 
CL-GD6225 
CL-GD6235 
CL-GD6245 
CL-GD5434 
CL-GD5430 


CL-GD5434 Rev. E and F 


CL-GD5440 
CL-GD5436 
CL-GD5446 
CL-GD5480 
CL-GD6440 
CL-GD7542 
CL-GD5452 


0—7Fh= Silicon revision 
Silicon revision number not available 


80h = 
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2.3 


2.4 


2.5 


2.6 


Inquire BIOS Version Number 


This function provides a mechanism for software to determine the BIOS version number. 


Input: AH=— 12h 
BL= 81h 
Output: AH= _ Major BIOS version number 
AL = Minor BIOS version number 
Example: If BIOS version is 1.02, then AH is 01 and AL is 02. 


Inquire Cirrus Logic Design Revision Code 


This function provides a mechanism for software to determine the revision of Cirrus Logic sil- 
icon. 


Input: AH=— 12h 
BL= 82h 
Output: AL= Chip revision 


Return Installed Memory 


The function returns the amount of frame buffer memory present in 64K units. 


Input: AH=~ 12h 
BL= 85h 
Output: AL= Amount of frame buffer memory present in 64K units. 


Inquire User Options 


This function returns the current status of user options. The values of the vertical frequencies 
and maximum vertical resolution correspond to the values defines as input for functions A4h, 
Set Monitor Type (Vertical). 


Input: AH=— 12h 
BL= 9Ah 
Output: AX = _ Contains the following options 
Bits 13:0 = Reserved 
Bit 14 = Vertical montype 640 x 480 frequency (VGA refresh) 
Bit 15 = Reserved 


BX = Reserved 
CX = Contains the following options 
Bit 0 = Reserved 
Bits 3:1 = 1280 x 1024 vertical frequency 
Bits 7:4= Maximum Vertical Resolution 
Bits 11:8 = 800x600 vertical frequency 
Bits 15:12 =1024 x 768 vertical frequency 
DX = Contains the following options 
Bit 15:14 = 1152 x 864 vertical frequency 
Bits 13:12 =1600 x 1200 vertical frequency 
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2.7 


2.8 


Query Display Mode Availability 


Input: AH= 12h 
AL= Display mode number (0—7fh) 
BL=  AOh 
Output: AH= Bit 0 
O= Display mode not supported 
1= Display mode supported 


APPENDIX C3 —- BIOS EXTENSIONS 


DS:SI: Pointer to standard display parameters or FFFF:FFFF if 


standard parameters undefined for this mode 


ES:DI: Pointer to supplemental display parameters or FFFF:FFFF 


if supplemental parameters undefined for this mode 


BX= Offset to BIOS subroutine that ‘fix up’ the parameters 


pointed to by DS:SI. This routine requires ES:DI pointers 


to the proper supplemental display parameters. 


Read Monitor ID/Type 


This function uses the analog sense circuitry to detect the type of monitor attached. The digital 
Monitor ID pins are not used to read the monitor type. The Monitor ID returned in BH is deter- 
mined by the monitor type sensed (color, monochrome, or none) and may not correspond to 
the actual digital Monitor ID of the current monitor. This function is used as a diagnostic func- 
tion to test the monitor sense occurring during POST. The capabilities (refresh rates sup- 
ported) of the monitor are determined by the parameters passed to function A4h, Set Monitor 


Type (Vertical). 
Input: AH=— 12h 


BL= Ath Read monitor ID and type from 15-pin connector 


Output: BH = _ Monitor ID 
ODh = IBM 8503 or equivalent 
OEh = IBM 8512/8513 or equivalent 
OFh = No monitor 
00 thru OC = Reserved 


BL= Monitor gender 
00= Color display 
01= Grayscale display 
02= #Nodisplay 
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2.9 


Set Monitor Type 


This function sets the monitor type in terms of vertical timings. The monitor type information is 
used by the BIOS to determine which frequency to use when selecting an extended mode. It 
is also used (in conjunction with the amount of display memory available) to determine what 
extended modes are available. The monitor type can be read back using function 9A. 


To maintain compatibility with previous Cirrus Logic BIOS releases, obsolete frequencies were 
not removed from this function. The appearance of any frequency in the description of this 
BIOS call is no guarantee that any given BIOS actually supports that frequency. In general, 
the trend is toward supporting higher frequencies and deleting support of lower frequencies. 


NOTE: Calls to the obsolete functions OA2h (Set Monitor Type — Horizontal) and OA3h (Set Refresh 
Type) is converted into this call. 


Input: AH = 012h 
BL = 0A4h 
AL[3:0] = Maximum Vertical Resolution 
000h = 480 scanlines 
001h = 600 scanlines 
002h = 768 scanlines 
003h = 1024 scanlines 
004h = 1200 scanlines 
005h—O00Fh = Reserved 
AL[4] = 640 x 480 frequency 
Oh = 60 Hz 
1h = High Refresh: Refer to subfunction AEh to select 72 or 75 Hz 
AL[7:5] = Reserved 
BH[3:0] = 800 x 600 frequency 
000h = 56 Hz 
001h = 60 Hz 
002h = 72 Hz 
003h = 75 Hz 
004h = 85 Hz 
005h = 100 Hz 
006h—O0Fh = Reserved 
BH[7:4] = 1024 x 768 frequency 
000h = 43) Hz 
001h = 60 Hz 
002h = 70 Hz 
003h = 72 Hz 
004h = 75 Hz 
005h = 85 Hz 
006h = 100 Hz 
007h—O0Fh = Reserved 
CH[1:0] = 1152 x 864 frequency 
00h = 70 Hz 
01h = 75Hz 
02h = 85 Hz 
03h = 100 Hz 
CH[3:2] = 1600 x 1200 frequency 
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00h = 48) Hz 

01h = 60 Hz 

02h-03h = Reserved 
CH[7:4] = 1280 x 1024 frequency 
000h = 43) Hz 

001h = 60 Hz 

002h = 71.2 Hz 

003h = 75 Hz 

004h = 85 Hz 

005 = 100 Hz 
O006h—O0Fh = Reserved 
CL = Reserved 

DX = Reserved 


2.10 Get High Refresh 
This function returns the vertical refresh rate of the 640 x 480 high refresh modes. 


Input: AH = 012h 
BL = OAEh 
Output: AL = Bit 0 indicates 640 x 480 high-refresh rate 
0 = 72 Hz 
1 = 75 Hz 
2 = 85 Hz 
3 = 100 Hz 


2.11 Set High Refresh 


This function sets the vertical refresh rate of the 640 x 480 high-refresh modes. The applica- 
tion must call this function after calling Set Monitor Type (Subfunction A4h), specifying 640 x 
480 high-refresh mode. 


Input: AH = 012h 
BL = OAFh 
AL = Bit 0 indicates 640 x 480 high refresh rate 
0 = 72 Hz 
1 = 75 Hz 
2 = 85 Hz 
3 = 100 Hz 
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2.12 Process Generic Fixup Table 


Generally the Generic Fixup Table is processed at the end of each call to Int 10 function 0, 
Setmode. This call is used to immediately process the Generic Fixup Table without needing to 
perform a call to Setmode. 


The Generic Fixup Table is described in the External Functional Specification for the respec- 


tive BIOS. 
Input: AH = 012h 
BL = OA5h 
AL = 1 
Output: Nothing 


2.13 Return Chip Capabilities 


This function specifies which capabilities the specific device has. 


Input: AH = 12h 
BL = BCh 
CX = 0000h 


Output: AX = 1200h indicates function not supported 
AX = 01xxh indicates function supported 
BX = xxxxh 
CX = xxxxh 
DL = xxh refresh offset in table (uses function AO to get table address; 
this is an offset from there to refresh 


2.14 Set Mode Refresh Rate 


This function sets the desired vertical refresh rate for the specified resolution. The resolution 
is specified in terms of active scan lines; the vertical refresh rate is specified in terms of frames 
per second. To set the highest available refresh rate for a specified resolution, the application 
may set BH to 255. 


Input: AH = 12h 
BL = BCh 
CX = vertical resolution (480, 600, 864, 1024, 1200 are valid) 
DX = 0000h (for future expansion) 
BH = refresh rate (0, 56, 60, 70, 72, 75, 85, 100), where 0 indicates interlaced 


Output: BH = refresh rate that was actually set, where 0 indicates interlaced 
BL = 00h: no error 
BL = 01h: error: resolution given is unknown 
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2.15 


2.16 


Return Mode Refresh Rate 


This function returns the current vertical refresh rate for the specified resolution. The resolution 
is specified in terms of active scan lines; the current vertical refresh rate is returned in terms 
of frame per second. 


Input: AH = 12h 
BL = BDh 
CX = vertical resolution (480, 600, 864, 1024, 1200 are valid) 
DX = 0000h (for future expansion) 


Output: BH = refresh rate that is actually set, where 0 indicates interlaced 
BL = 00h: no error 
BL = 01h: error: resolution given is unknown 


Get All Mode/Refresh Rates 


The function returns either the number of table entries (BH = 1) or a table (BH = 0) containing 
all modes/refresh rate combinations that are available with the current BIOS. If the mode can 
be set with the current configuration, a flag is set. 


This function should be called first with BH = 1 to determine the table size. Memory should be 
allocated for the table (an additional entry must be available for the table termination entry) 
and the function called a second time with BH = 0. This time the table is filled in. 


The table structure (in C) is: 


struct mtable { 
unsigned char mode;/* Cirrus Logic mode number*/ 


/* Oxff for end of list */ 





unsigned in vesa;/* VESA mode number */ 
unsigned int hor;/* horizontal resolution */ 
unsigned int vert;/* vertical resolution */ 
unsigned char colours;/* number of colors */ 
unsigned char refresh;/* refresh rate */ 
char can_set;/* TRUE if mode/refresh 

can be set under current 

conditions */ 








}; 
struct mtable * modes; 


Input: AX = 1200h 

BL = BEh 

BH = 01h 
Output: AX = number of table entries 
Input: AX = 1200h 

BL = BEh 

BH = 00h 

ds:di = address of table 
Output: table filled in 
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3.1 


3.2 


VESA® 


To contact VESA directly write, phone, fax, or e-mail: 


Video Electronics Standards Association 
2150 N. First Street, Suite 440 

San Jose, CA 95131-2020 

TEL: (408) 435-0333 FAX: (408) 435-8225 
www. http://vesa.org 


VESA® BIOS Extension (VBE) 
The following two sections are quoted directly from the VESA VBE Core Standard. 


Purpose 


To standardize a modular, software interface to display and audio devices. The VBE interface 
is intended to simplify and encourage the development of applications that wish to use graph- 
ics, video, and audio devices with specific knowledge of the internal operation of the evolving 
target hardware. 


Summary 


The standard provides a set of extensions to the VGA ROM BIOS services. These functions 
can be accessed under DOS through INT 10H, or be called directly by high performance 32- 
bit applications and operating systems other than DOS. 


These extensions also provide a hardware-independent mechanism to obtain vendor informa- 
tion, and serve as an extensible foundation for OEMs and VESA to facilitate rapid software 
support of emerging hardware technology without sacrificing backwards compatibility. 


Compliance 


The BIOS supplied by Cirrus Logic contains code for VBE2.0, DDC2.0, and DPMS 1.0 inter- 
nally within the BIOS. 
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CIRRUS LOGIC BBS, FTP, AND WWW 


1. INTRODUCTION 


Cirrus Logic maintains a BBS (bulletin board system) 24 hours a day for customers to obtain 
up-to-date files and information. For the CL-GD5480, the BBS gives access to utilities, sche- 
matics, and software upgrades. 


Cirrus Logic strictly controls access to this BBS. All downloadable files are checked by Cirrus 
Logic and customers cannot upload files to any publicly downloadable area. 


Follow the steps that follow to download files. If you would like access to more restricted files, 
or would like to exchange files with Cirrus Logic personnel on a regular basis, contact your 
Cirrus Logic representative to obtain expanded access privileges. 


1. Set your communication parameters as follows: 


e 8 data bits 

e No parity 

e 1 stop bit 

e Baud rate up to 14,400 bps 


2. Dial the Cirrus Logic BBS at (510) 440-9080. 
3. When connected, do one of the following: 


e Enter your name and password. First-time users can establish an account by entering a name and 
password and completing the questionnaire. 


e Or, follow the instructions to log on as a ‘guest’. 
Select [J] Join Product Area. 
Select 7, and select appropriate product area. 


Select [F] File Menu. 


MM ge 


You can now choose among the options. 


Many BBS files are compressed in a ‘zipped’ file format (using PKZIP.EXE version 2.04G). These 
files have the suffix .ZIP appended to their names. They need to be uncompressed after download- 
ing using PKUNZIP.EXE. If you do not have this ‘unzip’ utility, you can download it in a self-extracting 
form from the Cirrus Logic BBS — from any area, download the file called PKZ204G.EXE. 


The software running on this board is Wildcat!™ IM, written by Mustang Software®, Inc. Cirrus 
Logic operates eight remote nodes and one local node to the BBS. 
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3.1 


FIRST-TIME LOG ON 


Upon connection with the bulletin board, a name and password are requested for a guest 
account. If the user is merely downloading drivers, demonstration programs, or utilities, it is 
best to use the guest account as it allows access to most files. 


If schematic diagrams or BIOS files are needed or to upload files, it is required that you log on 
with your name (or company name). The system prompts a password entry and requires that 
a questionnaire be completed. When complete, the name and password selected is added to 
the user database and access is the same as a guest log on. Note your log in name and pass- 
word for future reference. 


UPGRADED ACCESS 


If requiring access to BIOS image or schematic diagram files, or if exchanging files with Cirrus 
Logic personnel on a regular basis, an account upgrade is necessary. Account upgrades are 
handled through your contact at Cirrus Logic (usually through a sales office). Three to five 
working days are required for the request to be processed after being received at Cirrus Logic 
in Fremont, California. 


The General Public Messages area contains non-specific programs such as PKWare and 
ID_CHIP. The upload areas also reside in the General Public Messages area. The upload 
areas are readable only by Cirrus Logic employees. 


The other product areas are connected to five file areas each. These file areas are listed in 
Table D1-1. 


Table D1-1. File Areas within Product Areas 


File Area Note Download Access 





Drivers Driver disks All 





Demonstrations | BLT demo, slide viewers, etc. | All 











Utilities for example, CLMODE All 
BIOS BIOS images, MFGTST Integrator, OEM 
Schematics OrCAD® schematic diagrams | OEM 

















Using the FTP Server 


In addition to the BBS, Cirrus Logic maintains an anonymous FTP site on the internet. The 
address is ftp.cirrus.com. Using any password, you can log on as anonymous or FTP. 


NOTE: TheFTP server is limited to released software drivers. BIOS, schematics, and beta software 
is available only on the BBS and is restricted to licensed OEMs. 


When you log into the FTP site, you will be in the FTP directory. Change directories to 
/pub/support. This the main directory of the FTP site. 
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In the support directory, a document named ftp_contents.doc shows the FTP file 
names and their contents. Like the BBS, the FTP site is arranged by chip set. The support 
directory provides access to the desktop, laptop, modem, PCMCIA, and SIO areas. Within 
these directories are the chipset subdirectories. Within these subdirectories are software files. 
3.2 Web Access 
To use a web browser to access the above files, go to the Cirrus Logic web site at: 
http://www.cirrus.com/prodtech/ 
Or, to directly access the ftp site, type the location: 


ftp://ftp.cirrus.com/pub/support/desktop/5480.html 
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GLOSSARY 


AccuPak™: A video compression method proprietary to Cirrus Logic Inc. See Chapter 9, 
“Programming Notes”. 


Add-in Card, Adapter Card: A circuit board that plugs into a computer motherboard and con- 
nects to an external device, such as a display monitor or storage subsystem. 


AN: An acronym for alpha numeric. Only patterns that are defined in the font tables can be 
displayed. Information can usually be displayed more quickly than with APA images because 
fewer bits need to be manipulated by the software. These modes are also referred to as Text 
modes. 


APA: An acronym for all points addressable. Each pixel on the screen is individually program- 
mable. Any pattern (subject to the resolution of the system) can be displayed. This typically 
requires that one to two orders of magnitude more information be manipulated than is the case 
with an AN system. These modes are also referred to as Graphics modes. Nearly all extended 
modes are APA. 


Analog Interface: An interface between a display controller and a display in which pixel colors 
are determined by the voltage levels on three output lines (RGB). Theoretically, an unlimited 
number of colors can be supported by this method (24 bits per pixel allows 16,777,216). The 
voltage level on any line varies between zero volts (for black) to about 700 millivolts (for max- 
imum brightness). The lines are typically terminated in 75 © at the monitor end and 150 or 75 
Q at the graphics controller end. In the IBM world, the analog interface is usually mechanized 
with a 15-pin, three-row connector (DB15). 


Analog Monitor: A display monitor that uses an analog interface. In IBM terms, commonly 
known as a PS/2 monitor, or a VGA monitor when used in conjunction with a VGA controller. 


Analog: A signal that can assume intermediate levels between on and off. Contrast with dig- 
ital. 


ASCII: American Standard Code for Information Interchange. This is a 7-bit code that encodes 
alphanumeric information. In the IBM-compatible world, this is expanded to 8 bits to encode a 
total of 256 (AN) alphanumeric and control characters. 


AUTOEXEC.BAT: A file to direct a series of activities occurring during system boot-up. 


Auto-Monitor Detect: A feature of Cirrus Logic VGA controllers and BIOS that senses the 
type of monitor that is connected. This uses a scheme that involves the use of comparators to 
sense the terminations present on the RGB lines. This is being replaced with DDC2B. 


BIOS-Level Compatibility: With regard to a VGA subsystem, this means that the BIOS sup- 
plied is in compliance with the IBM VGA Standard. This is the minimum level of compatibility 
necessary to accommodate the majority of standard applications. 


BIOS: An acronym for basic input output system. In IBM-compatible personal computers, this 
is a set of ROM-based firmware routines that control the resources of the system and make 
them available to application programs in an orderly manner. These routines provide basic 
input/output services for the operating system and for applications programs that use inter- 
rupts to call them. Also called ROM BIOS. The Cirrus Logic BIOS is written in 80386/486 
Assembly Language. 
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Bit: A binary digit. A single piece of information: on or off, 0 or 1, high or low, closed or open, 
up or down, in or out, black or white. 


BitBLT: An acronym for bit boundary block transfer. A graphics operation that moves a rect- 
angle of data from one area of display memory to another, or moves data from system memory 
to display memory. Graphics controllers frequently include varying degrees of hardware to 
help speed BitBLT operations. 


Bitmap: A rectangular array of locations, each associated with a location (pixel) on a monitor. 
The contents of each location determines the color of the pixel. 


Block Diagram: A diagram where blocks represent components or subsystems of a system. 
Usually the blocks are connected with lines indicating data or control flow. 


Byte: A group of 8 bits addressed as a unit. Can take any of 256 (28) values. 
CAS: Column Address Strobe. One of the DRAM control signals. 


CGA, Color Graphics Adapter: This was the first color adapter available for the IBM personal 
computer. It has low resolution, both spatial and color. While CGA is generally considered 
obsolete, the VGA standard includes the display modes originally designed for CGA. 


Character Cell Matrix: In Text mode, the area of display used to display one character. On 
the VGA, character cells are either 8, 9, 12, or 16 pixels wide and are usually either 8 , 14, or 
16 pixels high. 


Character Clock: This clock is generated by dividing the VCLK by either eight or nine. The 
monitor timing signals (HSYNC, VSYNC) are derived by dividing the character clock. 


Chroma Key: The CL-GD5480 can compare the Y, U, and V values of video pixels to upper 
and lower limits to determine which should be replaced with graphics data. For example, tele- 
vision news programs use chroma key to superimpose the weather reporter on a background 
(‘blue screen’ effect). 


CLUT, Color Lookup Table: Translates color information from the display memory into color 
information for the CRT display. It can be found in a Video DAC. It is the palette portion of the 
palette DAC. 


Color Key: The CL-GD5480 can overlay the computer-generated graphics on a pixel-by-pixel 
basis, with external video. One method of determining whether to overlay a pixel involves com- 
paring it with a specific color or range of colors. 
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Color Modes: Use 2, 4, 8, or more bits-per-pixel. Table E1-1 summarizes the number of colors 
and standards for the colors that were first available. 


Table E1-1. Color Modes 



























Bits per Pixel | Number of Colors | Standards 
2 4 CGA 
4 16 CGA 
8 256 VGA 
15 32,368 TARGA™ 
16 65,536 VGA/XGA™ 
24 16,777,216 Cirrus Logic True Color 
32 16,777,216 True Color with Alpha Channel 














Color Planes: In planar modes, the display memory is separated into four independent planes 
of memory, with each plane dedicated to controlling one color component (Red, Green, Blue, 
and Intensify). Each pixel of the display occupies one bit position in each plane. Planar modes 
are generally 16 colors. In Character modes and Packed-pixel modes, the data is organized 
differently. 


Comparator: A hardware element that performs an arithmetic or logical comparison between 
two fields. The two fields are typically the same width. Arithmetic comparisons include equal, 
greater than, and less than. Logical comparisons are generally identity. 


CONFIG.SYS: A file that provides the system with information regarding application require- 
ments. This information may include peripherals that are connected and require special drivers 
(such as a mouse). Other information that might be specified is the number of files that can be 
open simultaneously, or the number of disk drives that can be accessed. 


CMOS: Complementary metal oxide semiconductor. A digital logic family characterized by 
high density, low-to-medium power, and medium-to-high speeds. All modern VGA controllers 
are fabricated using CMOS. 


CPU, Central Processing Unit: The master computer unit in a system. In the VGA world, this 
is typically a 80386, 80486, or Pentium® microprocessor. 


CRT, Cathode Ray Tube: An electron beam is generated, accelerated, and made to strike a 
phosphor coating on the inside of an evacuated glass enclosure. The phosphor glows as a 
result of the energy imparted by the beam. By precisely controlling the position and intensity 
of the electron beam, meaningful patterns are made to appear in the phosphor and are visible 
through the glass. 


DAC: digital-to-analog converter. The DACs in a VGA system convert the 6 or 8 digital bits per 
color (Red, Green, and Blue) to analog levels suitable for the Analog interface. 


DCLK: The package pin on which the pixel clock (or a multiple or sub-multiple) is present. See 
also VCLK. 
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DDC™, Display Data Channel: A definition of acommunication channel between a computer 
display and the host system. This is a VESA proposal. Cirrus Logic components and software 
support either DDC1 or DDC2B. 


Digital Interface: A type of interface used between the display controller and display where 
display color is controlled by digital color control lines switching on and off. The number of col- 
ors that can be supported depends on the number of signal lines in the interface, and is gen- 
erally either 8, 16, or 64. Most digital interfaces are TTL- (transistor-transistor logic) 
compatible. CGA, MDA, and EGA use Digital interfaces. In the IBM world, the Digital interface 
is usually mechanized with a 9-pin connector. 


Digital Monitor (TTL): A monitor that receives input in the form of a digital code. Typical digital 
monitors can display 8, 16, or 64 colors. Digital monitors are becoming obsolete. 


Digital: A method of representing data where the individual components are either fully on or 
fully off. 


Digitize: To convert an analog image or signal to a corresponding series of numbers. 


Display Memory: The area in the computer memory where the information used to update 
the screen is kept. In the IBM-compatible world, the range of addresses for this data is AO00:0 
through BFFF:F. 


Display Modes: In the IBM-compatible world, a number of standard display modes have been 
defined. In addition to the standard modes enumerated in Table E1-2, there are many 
Extended Display modes, as shown in Table E1-3 on page E1-6. 


Table E1-2. Standard Display Modes 






































Mode(s) Colors pipet alanas Pixel Resolution fo : 
0,1 16 40 x 25 360 x 400 AN 
2,3 16 80 x 25 720 x 400 AN 
4,5 4 40 x 25 320 x 200 APA 

6 2 80 x 25 640 x 200 APA 
7 Monochrome 80 x 25 720 x 400 AN 
D 16 40 x 25 320 x 200 APA 
E 16 80 x 25 640 x 200 APA 
F Monochrome 80 x 25 640 x 250 APA 
10 16 80 x 25 640 x 350 APA 
11 2 80 x 30 640 x 480 APA 
12 16 80 x 30 640 x 480 APA 
13 256 40 x 25 320 x 200 APA 
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Table E1-3. Cirrus Logic Extended Display Mode Numbers 

























Resolution 
16-bpp 

640 x 480 12 5F 64 71 76 
800 x 600 58/6A 5C 65 78 72 
1024 x 768 5D 60 74 79 73 
1152 x 864 7C 7D 7E 

1280 x 1024 6C 6D 75 77 

1600 x 1200 7B 


























Dithering: To intersperse a pattern of one color (for example, blue) with a pattern of another 
color (for example, red) to give the subjective effect of a color somewhere between the two 
colors (blue and red combined make magenta). This technique is effective over large surfaces, 
but fails if the area is too small. This technique creates the appearance of more colors at the 
expense of resolution. 


DIP, Dual Inline Package: A method of packaging semiconductor chips that was essentially 
ubiquitous until the 1980s. It is being replaced with plastic quad flatpack and pin grid arrays 
for devices with high pin counts, and small outline packages for devices with low or medium 
pin counts. 


DPMS, Display Power Management Signaling: A VESA proposal to standardize on a com- 
mon definition and methodology in which the display controller sends a signal to the display 
that enables it to enter various power management states. The VGA controller can instruct the 
monitor go enter one of a number of reduced power states. DPMS is supported by current Cir- 
rus Logic desktop products. 


DRAM: Dynamic Random Access Memory. A memory technology characterized by extreme 
high density, low power, and low cost. It must be more or less continuously refreshed to avoid 
loss of data. DRAM is the least expensive memory available. 


Driver: A software module that interfaces a particular display device to an application program 
to allow operation at higher resolutions than standard VGA. 


Dual-Page Mapping: Refers to using both Offset registers, 0 and 1, as the window into display 
memory. This mode is chosen when GRB[0] is programmed to ‘1’. In this mode, register SA15 
chooses between Offset registers 0 and 1. Linear addressing has largely replaced frame 
buffer mapping. 


EDO, Extended Data Out: A DRAM technology characterized by very short Fast-Page mode 
cycle times. The CL-GD5480 supports EDO devices. 


EEPROM, Electrically Erasable Programmable Read-only Memory: A memory storage 
device that can be written repeatedly with no special erasure fixture. EEPROMs do not lose 
their contents when they are powered down. The Cirrus Logic BIOS can use EEPROMs to 
record information regarding the connected monitor. This is being replaced with DDC2B. 
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EGA: Enhanced Graphics Adapter. This was the second color adapter available for IBM-com- 
patible computers. While EGA is generally considered obsolete, the VGA standard includes 
the modes originally designed for EGA. 


Emulation: Simulation of unavailable hardware by available hardware and software. Emula- 
tions improve the usefulness of a product by making it compatible with other products. EGA is 
capable of emulating MDA and sometimes CGA and Hercules. VGA is capable of emulating 
EGA, CGA, and MDA. 


EPROM, Electrically Programmable Read-only Memory: A memory storage device that 
can be written once (per erasure cycle) and read many times. In the VGA world, it stores the 
BIOS. 


Fast-Page Mode: A read or write mode of DRAMs characterized by a decrease in cycle time 
of about 2—3 times and a corresponding increase in performance. The data accessed in Fast- 
Page Mode cycles must be adjacent in memory. See EDO. 


Feature Connector: An expansion connector on the VGA that can accept or drive video sig- 
nals to or from the VGA. This is used in applications involving video overlay. This is also called 
the VESA Pass-Through connector. 


FIFO, First In First Out: A memory that temporarily holds data so that the sending device can 
send data faster than the receiving device can accept it. The sending and receiving devices 
typically operate asynchronously. 


Fixed-Frequency Monitor: A monitor that can accept a fixed-horizontal frequency, usually 
31.5 KHz. Such monitors can accommodate different vertical resolutions by operating at dif- 
ferent vertical frequencies, usually either 60 or 70 Hz. 


Frame Buffer: Another term for display memory. 


Frequency Synthesizer: An electronic circuit that generates a number of frequencies from a 
fixed-reference frequency. Some frequency synthesizers generate only a relatively small num- 
ber of frequencies; others generate hundreds of different frequencies. 


Glue Logic: Additional logic devices required to interconnect the major components of a sys- 
tem. 


Graphics: This term is used when referring to pixels, frame buffer contents, and so on, that 
are locally computer-generated and displayed in a background window. This data is in contrast 
with Video data. 


Graphics Controller: On EGA and VGA, a section of circuitry that provides hardware assist 
for graphics drawing algorithms by performing logical functions on data written to display mem- 
ory. 


Graphics Mode: (Also APA) A display mode where all pixels on the display screen are inde- 
pendently controlled to draw graphics objects (as opposed to Text mode, where only a pre- 
defined set of characters can be displayed). 


Hardware: A computing system is normally said to have two major components: hardware 
and software. Hardware is the portion that executes the step-by-step procedure necessary to 
perform a particular task as instructed by the software. 
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HERC, (HGC) Hercules Graphics Adapter: The third display format standardized for the PC 
family of computers, following the MDA and CGA. It provides standard 80-character-by-25-row 
alphanumeric display, and 720 horizontal by 348 vertical pixels in Monochrome Graphics 
mode. It was designed to replace MDA, and provided monochrome APA. 


Hex Code, Hexadecimal: A numbering system using base 16. The allowable digits are 0, 1, 
2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, and F. A base 16 numbering system is useful because con- 
version to and from base 2 is trivial. Numbers written in base 16 are typically denoted by a 
prepended ‘Ox’ or an appended ‘h’. 


Interlaced: A display system where the even scanlines are refreshed in one vertical cycle 
(field), and the odd scanlines are refreshed in another vertical cycle. The advantage is that the 
bandwidth is roughly half that required for a non-interlaced system of the same resolution. This 
results in less costly hardware. It also may make it possible to display a resolution that would 
otherwise be impossible on certain hardware. The disadvantage of an interlaced system is 
flicker, especially when displaying objects that are only a single scanline high. 


Interpolation: Zooming involves making in-between pixels and scanlines. This can be done 
by replicating existing pixels and scanlines or by interpolating (averaging) between existing 
pixels and scanlines. Interpolation helps avoid the blockiness associated with replication. Y- 
interpolation (vertical interpolation) increases the display memory bandwidth required 
because two scanlines must be fetched for each scanline displayed. See Zoom. 


ISA: Industry Standard Architecture. In reference to |IBM-compatible computers, it was the def- 
inition of the standard bus until the introduction of VESA and PCI in the early 1990s. 


Linear Addressing: This is a modern method of addressing the display memory. The display 
memory (in the IBM PC world) was originally was located in a 128-Kbyte area from A000:0 
through BFFF:F, too small for the display systems of today with multi-megabyte memories. Lin- 
ear addressing allows the display memory to be addressed in upper memory, where a large 
contiguous area is set aside for it. 


Mapping: Refers to the definition of memory for storing data used by a particular display 
mode. The range of addresses reserved for graphics information in IBM-compatible systems 
is from A000:0 to BFFF:F. 


MCGA, Multicolor Graphics Array: A graphics adapter designed for the PS/2 series of per- 
sonal computers, with similar function to the CGA and downwardly compatible to the CGA at 
the BIOS, control register, and display memory levels. The MCGA drives either an analog 
monochrome or analog RGB monitor. 


MDA, Monochrome Display Adapter: The original display adapter marketed by IBM for per- 
sonal computers. MDA has no bit-mapped graphics capability. 


Monitor: Another term for a CRT display. 


Motherboard: The large printed circuit board in a personal computer into which the adapter 
boards plug. It contains the CPU and core memory. It may also contain the display controller 
or a number of other peripheral controllers. 


MPEG, Moving Picture Experts Group: An international standards organization that devel- 
ops compression algorithms for motion video. This term has come to also mean the compres- 
sion algorithms themselves, and even video clips that have been compressed using the 
algorithms. MPEG algorithms take advantage of the frame-to-frame redundancy of a motion 
video sequence, as well as the redundancy within each frame. 
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Multiple-FIFO Architecture: A display controller architecture characterized by having multi- 
ple (two or more) FIFOs or write buffers. There is typically one FIFO or write buffer at the CPU 
interface, and one or more FIFOs in the display pipeline. The CL-GD5480 has three FIFOs in 
the display pipeline that allow simultaneous video display, video capture, and occlusion or 
Y-interpolated zooming. 


Multifrequency Monitor: A monitor that accommodates a variety of horizontal and vertical 
synchronization frequencies. This monitor type accepts inputs from many different display 
adapters, and is typically capable of either analog or digital input. 


Nibble: A group of four contiguous bits. It can take any of 16 (24) values. 


Non-interlaced: A display system where every pixel is refreshed during every vertical scan. 
A non-interlaced system is normally more expensive than an interlaced system of the same 
resolution, and usually has a more pleasing appearance. 


NTSC: A color encoding scheme for television. NTSC is used in North America and Japan, as 
well as some other regions. NTSC is a timing standard; it is an extension of RS-170. 


Occlusion: The superimposition of individual pixels of graphics onto video or video onto 
graphics. The CL-GD5480 supports occlusion based on color key or chroma key. 


Overlay: The superimposition of video (typically live) onto computer-generated graphics. 
Overscan: That portion on all four sides of the display between active pixels and blanking. 


Packed Pixel: Color information for a pixel packed into one word of memory data. For a sys- 
tem with few colors, this packed pixel may require only a part of one word of memory; for very 
elaborate systems, a packed pixel might be several words long. See Planar. 


PAL: A color encoding scheme for television. PAL is used in Europe (except France), as well 
as some other regions. 


Palette: The range of colors available on the screen, not necessarily simultaneously. For VGA, 
this is either 16 or 256 simultaneous colors out of 262,144. For CL-GD5480, the palette is 
extended to 32,768, 65,536, or 16,777,216 simultaneous colors on the screen. 


Palette DAC: The triple 8-bit DAC with its associated LUT. 


PCI, Peripheral Component Interconnect: “The PCI local bus is a high-performance, 32- or 
64-bit bus with multiplexed address and data lines. It is intended for use as an interconnect 
mechanism between highly integrated peripheral controller components, peripheral add-in 
boards, and processor/memory systems.”! In 1995, PCI replaced VESA VL-Bus as the high- 
performance display controller/host interface. 


Pixel: An acronym for picture element, and is also called a pel. A pixel is the smallest addres- 
sable graphic on a display screen. In RGB systems, the color of a pixel is defined by some red 
intensity, some green intensity, and some blue intensity. 


Planar: In display terms, the pixel color information is stored in four bits across four memory 
planes. This allows a maximum of 16 colors (24). See Packed Pixel. 





1 PCI Local Bus Specification, Revision 2.1. 
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RAM BIOS: The BIOS can be copied from relatively slow ROM into relatively fast RAM. When 
this is done, it executes faster, enhancing performance of the subsystem being controlled. 


RAM, Random Access Memory: This term has come to mean any semiconductor memory 
whose write access time is approximately the same as its read access time. Typically this 
includes SRAMs (static RAMs) and DRAMs (dynamic RAMs). This definition specifically elim- 
inates memories that cannot be altered and memories that require a special fixture for erasing 
(such as EPROMs). 


RAS, Row Address Strobe: A DRAM control signal. 


Refresh (Display or Screen Refresh): An image drawn ona CRT display remains visible only 
for a few milliseconds (the persistence of the screen phosphor), unless it is redrawn continu- 
ously. This process is called display refresh or screen refresh. Different displays use different 
refresh rates, but display refresh is normally required between 60 and 80 times a second to 
avoid any visible screen flickering. 75 times a second is a common refresh rate. In general, a 
higher refresh rate results in more stable appearing display. 


Register-Level Compatibility: If a peripheral is compatible at the register level with another 
peripheral, it means that every bit in every register of the two devices has precisely the same 
meaning. This implies that application programs can circumvent the BIOS and directly pro- 
gram registers in a peripheral device without functionality problems. The CL-GD5480 is regis- 
ter-level-compatible with the IBM VGA standard. 


Registers: In an VGA controller, these are the storage elements that contain data relating to 
the mode or configuration of the device, as opposed to the display memory, which contains 
the image. Traditionally, the registers are divided into six groups: General, Sequencer, CRT 
Controller, Graphics Controllers, Attribute, and Extensions. The VGA registers are accessed 
by a number of addressing schemes, usually involving an index or address register and a data 
register. 


Resolution, Color: The number of simultaneous colors is determined by the number of bits 
associated with each pixel in the display memory. The more colors, the more bits. If n bits-per- 
pixel are used, 2" color combinations can be generated. EGA uses from 1-4 bits-per-pixel, 
permitting up to 16 (24) colors to be displayed on the screen simultaneously. The VGA has an 
added mode that supports 8 bits-per-pixel, or 256 (28) simultaneous colors. The CL-GD5480 
has additional modes that support up to 24 bits-per-pixel or 16,777,216 (224) simultaneous 
colors. In addition, some modes use a fourth byte, the alpha byte. 


Resolution, Spatial: The number of pixels in an area or on the screen. Resolution is typically 
specified as pixels per scanline and scanlines per frame. High-resolution images require more 
processing and greater storage requirements per image. In addition, monitor costs increase 
with resolution, particularly above about one million pixels. Different applications require dif- 
ferent resolutions. 


RGB: Used with color displays, an interface that uses three color signals (Red, Green, and 
Blue), as opposed to an interface used with a monochrome display that requires only a single 
signal. Both digital and analog RGB interfaces exist. 


ROM, Read-only Memory: A type of memory characterized by not being alterable (see 
EPROM). ROMs are typically used to contain low-level programs that do not change, such as 
BIOS. 
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Simultaneous Colors: The number of colors in a display system that can be displayed on the 
screen at one time. This number is limited by the circuitry of the display adapter, and is often 
much smaller than the number of colors the display device can actually support. The number 
of simultaneous colors a display adapter supports is normally determined by the number of 
color planes, or bits per pixel, that it uses. For example, a device with 4 bits-per-pixel supports 
16 simultaneous colors. 


Single-Page Mapping: Refers to always using Offset register 0 (GRQ) as the window into dis- 
play memory. The mode is selected when GRB[0] is programmed to ‘0’. 


Software: A computing system is normally spoken of as having two major components: hard- 
ware and software. Software is that portion that instructs the hardware in the step-by-step pro- 
cedure necessary to perform a particular task. 


SVGA, Super VGA: Graphics adapters that extend the capabilities of the features provided by 
the original IBM VGA. The first Super VGA provided a 640 x 480 x 256-Color mode. 


SMT, Surface Mount Technology: A method of mounting devices (such as integrated cir- 
cuits, resistors, capacitors, and others) on a printed circuit board, characterized by not requir- 
ing mounting holes. Rather, the devices are soldered to pads on the printed circuit board. 
Surface-mount devices are typically smaller than the equivalent through-hole devices. 


Swizzle: To swap bits within a byte. For example, bit 7 with bit 0 and bit 0 with bit 7; bit 6 with 
bit 1 and bit 1 with bit 6; bit 5 with bit 2 and bit 2 with bit 5; bit 4 with bit 3 and bit 3 with bit 4. 


TTL, Transistor-Transistor Logic: A collection of logic families developed beginning in the 
1960s. TTL is gradually being replaced with CMOS, for all but the fastest or most cost-sensitive 
applications. 


True-color: 24- or 32-bits-per-pixel color providing photo-realistic image quality. 
VCLK: The internal signal operating at the pixel rate. 


Vertical Retrace: The time interval immediately following the completion of a complete frame 
(or field for an interlaced display). The electron beam returns to the top of the display screen 
in preparation for the next frame or field during this period. 


VESA® VL-Bus™: This bus interface was very closely modeled on the 80486 processor bus. 
Therefore, its life-span very closely approximates that of the 80486 processor. 


VESA®, Video Electronics Standards Association: A consortium of CRT monitor vendors, 
graphics chip vendors, and graphics software vendors that set hardware and software stan- 
dards for PC-compatible graphics monitors and software interfaces. Cirrus Logic is an active 
participant on many of the VESA committees. 


VGA, Video Graphics Array: The VGA standard was introduced by IBM in 1987. In the IBM 
definition, the maximum spatial resolution is 640 x 480 (modes 11 and 12), and the maximum 
color resolution is 256 colors (Mode 13). This is enhanced or extended by third-party chip ven- 
dors to up to 1280 x 1024 and up to 16,777,216 colors. 


Video: This term is used when referring to pixels, frame buffer contents, and so on, that are 
displayed in a video window. This applies especially to data that is captured through the V-Port. 
This is in contrast with Graphics data. 
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VLSI, Very Large Scale Integration: The technology of manufacturing integrated circuits 
(chips) with thousands of transistors on a single device. The personal computer was made 
possible because of VLSI technology. 


Wait State: When a system processor is reading or writing a memory or peripheral device that 
cannot respond fast enough, one or more time intervals (typically on the order of tens of nano- 
seconds each) are inserted, during which the processor does nothing but wait for the slower 
device. While this has a detrimental effect on system throughput, it is unavoidable. The number 
of wait states can be reduced using techniques such as CPU-bus caches or write FIFOs. 


Word: The amount of memory that a given computer can access in a single cycle. In the IBM- 
compatible world, this is either 16 or 32 bits. 


Write Buffer: A term used to denote the buffer that is logically positioned between the CPU 
interface and the display memory. 


YCrCb: A color space defined in the CCIR recommendation CCIR601. 
YUV: A color space generally associated with color television. 


Zoom: To make an image (typically video) occupy an area on the screen that encompasses 
more pixels than it contains. The pixels and scanlines that occupy the in-between locations can 
be generated by replicating existing data or by interpolating (averaging) between existing data. 
See also Interpolation. 
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BLT Clip Rectangle X-End Byte 0, 1 5-29 

BLT Clip Rectangle X-Start Byte 0, 1 5-27 

BLT Clip Rectangle Y-End Byte 0, 1 5-30 

BLT Clip Rectangle Y-Start Byte 0, 1 5-28 

BLT Destination Left-Side Clipping 5-12 

BLT Destination Pitch Byte 0,1 5-7 

BLT Destination Start Byte 0, 1 5-9 

BLT Destination X-Position Byte 0, 1 5-23 

BLT Destination Y-Position Byte 0, 1 5-24 

BLT Height Byte 0, 1 5-6 

BLT Mode 5-13 

BLT Mode Extensions 5-20 

BLT ROP (Raster Operation) 5-18 

BLT Source Start Byte 0-2 5-11 

BLT Source X-Position Byte 0, 1 5-25 

BLT Source Y-Position Byte 0, 1 5-26 

BLT Start/Status 5-16 

BLT Width Byte 0, 1 5-5 

Color Expansion Background/Foreground Color 
5-4 

Command List Offset 5-10 

GRO-GR1 5-4, 5-13, 9-5, 9-18, 9-27 

GR10-GR15 5-4, 5-13, 9-5, 9-27 

GR20-GR21 5-5, 9-5, 9-17 to 9-24, 

GR22-GR23 5-6, , 9-17 to 9-22, 9-32 

GR24-GR25 5-7, , 9-17 to 9-24, 9-32 

GR26-GR27 5-8, , 9-17 to 9-24, 9-32 

GR28-GR2A 5-9, 5-10, 9-5, 9-16 to 9-32 

GR2B 5-10, 9-5, 9-22 

GR2C-GR2E 5-11, 9-5, 9-16, 9-18, 9-22, 
9-24, 9-28, 9-31, 9-32 

GR2F 5-12, 5-20, 5-21, 9-5, 9-18, 9-23, 9-28, 


9-32 


9- 
9- 
9- 


O1O1O1 


9-32 

GR30 5-13, 5-21, 5-22, 6-53, 9-5, 9-18 to 
9-32, 9-67 

GR31 5-16, 5-20, 9-4, 9-5, 9-7, 9-18, 9-20, 
9-27, 9-32 


GR32 5-18, 9-5, 9-18 to 9-32 
GR33 5-10 to 5-16, 5-20, 5-30, 8-31, 9-5, 
9-17 to 9-32, 9-42 
GR34—-GR35 5-14, 5-22, 9-28 
GR40-GR41 5-9, 5-20, 5-23, 
GR42-GR43 5-24, 9-5, 9-19, 
GR44-GR45 5-11, 5-25, 9-5, 
GR46-GR47 5-26, 9-5, 9-24 
GR48-GR49 5-20, 5-27, 9-5, 


9-5, 9-16, 9-24 
9-24 
9-16, 9-24 


9-17, 9-29 


F-2 


GR4A-GR4B 5-28, 9-5, 9-29 
GR4C-GR4D 5-29, 9-5, 9-29 
GR4E-GR4F 5-30, 9-5, 9-29 
Source Pitch Byte 0, 1 5-8 
Transparent BLT Key Color 5-22 


Miscellaneous Extension 

Access Key 8-4 

Active Display Line Readback Byte 0 8-33 

Active Display Line Readback Byte 1 8-34 

Bus Master Page Table Address Byte 1, 2 8-48 

Color Key Mask 8-30 

Color/Chroma Key Compare 8-29 

CR14 8-44 

CR19 8-41 

CRIA 4-25, 4-30, 431, 4-51, 6-7 to 6-29, 
8-42, 8-43 

CR1B 4-25, 4-30, 4-40, 4-41, 4-48, 4-51, 8-42, 
8-43 

CRI1C 8-45, 8-47 

CR1D 440, 4-41, 6-82, 8-29, 8-30, 8-47, 
9-12, 9-44, 9-45 

CR1E-CRIF 6-67, 8-48, 9-56, 9-57 

CR25 8-49 

CR27 1-2, 8-50, 9-67 

DDC2B Control 8-7 

Extended Display Controls 8-43 

Extended Sequencer mode 8-5 

FIFO Threshold Control 8-17 

GPIO Port Timing 8-38 

GR16 8-33, 9-31 

GR17 6-21, 6-54, 8-34, 9-31, 9-67, 9-68, 10-3, 
B5-2 

GR18 8-36, 8-52, 9-11, 9-13, 9-62 

GR19 8-38, B11-4 

GR1A-GR1B 8-39 

GR7D-GR7F 8-40 

GR9 8-24 

GRA 8-26 

Graphics Controller Mode Extensions 8-27 

Graphics Cursor Attribute 8-13 

Graphics Cursor Pattern Address Offset 8-15 

Graphics Cursor X Position 8-11 

Graphics Cursor Y Position 8-12 

GRB 4-19, 8-27, 9-31 

GRC 6-82, 8-29, 8-47, 9-44, 9-45 

GRD 6-82, 8-30, 8-47, 9-12, 9-44, 9-45 
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GRE 5-20, 8-31, 8-52, 9-63 
HDR 8-51, 9-9, 9-10, 9-13 
Hidden DAC Register (HDR) 8-51 
Hidden Graphics Extension 7E—7F 8-40 
ID 8-50 

Interlace End 8-41 

Memory Option 8-36 
Miscellaneous Control 8-42 
Offset Register 0 8-24 

Offset Register 1 8-26 

Overlay Extended Control 8-47 
Part Status 8-49 

Power Management 8-31 
Scratch Pad 0,1 8-8 

Scratch Pad 2, 3 8-16 

Scratch Pad 4,5 8-39 

SDRAM control 8-10 

Signature Generator Control 8-19 
Signature Generator Result 8-20 
Signature Generator Result High Byte 8-21 
SMCLK Select 8-23 

SR10 8-11 

SR11 8-12 

SR12 8-13, 9-12, 9-14 

SR13 8-15 

SR14-SR15 8-16 

SR16 6-47, 8-17, 9-46 

SR17 8-18, 9-6, 9-21 

SR18 8-19 

SR19 8-20 

SR1A 8-21 

SR1B-SR1E 8-22, 8-23, 9-61, 9-62 
SR1F 8-23, 9-3, 9-61, 9-63 
SR6 8-4, 9-67 


SR7 4-22, 8-5, 8-27, 9-7, 9-10, 9-13, 9-15 


SR8 8-7, 10-9, B2-4 
SR9-SRA 8-8 

SRB-SRE 8-9, 9-61, 9-62 

SRF 8-10 

summary of 8-2 

Sync Adjust and GENLOCK 8-45 
System Interface Controls 8-18 
VCLK Denominator 8-22 

VCLK Numerator 8-9 


P 


PCI Configuration 
Class Code 7-6 
Device/Vendor ID 7-3 
Display Memory Base Address 7-8 
Expansion ROM Base Address 7-13 
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Interrupt Line 7-14 

Latency Timer 7-7 

Memory-Mapped I/O Base Address 7-9 
PCIOO 7-3, 9-6, 9-67 

PCl04 7-4, 9-2, 9-4, 9-6 

PCl08 7-6, 9-6 

PCIOC 7-7, 9-6 

PCHO 7-8, 8-5, 9-6, 9-7, 9-10, 9-20 
PCI14 7-9, 9-4 to 9-6, 9-21 

PCH8 7-10, 9-6, 9-9 

PCI2C 7-11, 8-18, 9-6 

PCI30 7-13, 9-6, 9-8, 10-4 

PCI3C 7-14, 9-6, 9-67, B2-3 
Relocatable GPIO Base Address 7-10 
Relocatable I/O VGA Base Address 7-9 
Status/Command 7-4 
Subsystem/Vendor ID 7-11 


VGA Core 


ARO-ARF 4-70, 4-71 

AR10 4-71 

AR11 4-69, 4-73, 8-13, 8-43, 9-4 

AR12 4-9, 4-74 

AR13 4-36, 4-75 

AR14 4-71, 4-76 

ARX 4-69 

Attribute Controller Index 4-69 

Attribute Controller Mode 4-71 

Attribute Controller Palette 4-70 

Character Map Select 4-20 

Color Plane Enable 4-74 

Color Select 4-76 

CRO 4-25, 4-26, 4-45, 4-73, 9-66 

CR1 4-27, 4-28, 9-66 

CR10 4-29, 4-35, 4-44, 9-66 

CR11 4-8, 4-29, 4-45, 8-37, 9-66, 9-68 

CR12 4-35, 4-47, 9-66 

CR13 4-48, 8-43 

CR14 4-49 

CR15 4-25, 4-35, 4-37, 4-50, 9-66 

CR16 4-25, 4-51, 9-66 

CR17 4-48, 4-49, 4-52, 6-11, 6-13, 6-27, 6-28, 
6-29 

CR18 4-25, 4-35, 4-37, 4-54 

CR2 4-28, 4-30, 9-66 

CR22 4-55, 4-65 

CR24 4-56, 4-69, 9-3 

CR26 4-57, 4-69 

CR3 4-29, 4-32, 6-54, 9-66 

CR4 4-31 to 4-33, 9-66 
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CR5 4-30, 

CR6 4-34, 

CR7 4-25, 

CR8 4-36 

CR9 4-25, 

CRA 4-38, 

CRB 4-39 

CRC 4-40, 

CRD 4-40, 

CRE 4-39, 4-42 

CRF 4-39, 4-43 

CRTC Attribute Controller Index Readback 4-57 

CRTC Attribute Controller Toggle Readback 
4-56 

CRTC Character Cell Height 4-37 

CRTC Graphics Data Latches Readback 4-55 

CRTC Horizontal Blanking End 4-29 

CRTC Horizontal Blanking Start 4-28 

CRTC Horizontal Display End 4-27 

CRTC Horizontal Sync End 4-32 

CRTC Horizontal Sync Start 4-31 

CRTC Horizontal Total 4-26 

CRTC Index 4-23 

CRTC Line Compare 4-54 

CRTC Mode Control 4-52 

CRTC Offset (Pitch) 4-48 

CRTC Overflow 4-35 

CRTC Screen A Preset Row-Scan 4-36 

CRTC Screen Start Address High 4-40 

CRTC Screen Start Address Low 4-41 

CRTC Text Cursor End 4-39 

CRTC Text Cursor Location High 4-42 

CRTC Text Cursor Location Low 4-43 

CRTC Text Cursor Start 4-38 

CRTC Underline Row Scanline 4-49 

CRTC Vertical Blank End 4-51 

CRTC Vertical Blank Start 4-50 

CRTC Vertical Display End 4-47 

CRTC Vertical Sync End 4-45 

CRTC Vertical Sync Start 4-44 

CRTC Vertical Total 4-34 

CRX 4-23 

DAC State 4-12 

FC 4-7 

FEAT 4-8, 4-45, 9-68 

Feature Control 4-7 

GRO 4-59, 4-60, 8-6, 8-28 

GR1 4-60, 8-28 

GR2 4-61, 4-65, 

GR3 4-62, 4-65, 

GR4 4-22, 4-55, 


4-32, 
4-35, 
4-34, 


9-66 
9-66 
4-35, 4-44, 4-45, 4-50 


4-37, 
9-31 


4-50, 8-42 


5-20, 
4-41, 


6-50 
5-20, 6-50 


4-67 
8-6 
4-63, 4-65 
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GR5 4-22, 4-64, 9-3 

GR6 4-6, 4-66, 8-6, 9-7 

GR7 4-61, 4-65, 4-67 

GR8 4-65, 4-68 

Graphics Controller Bit Mask 4-68 

Graphics Controller Color Compare 4-61 

Graphics Controller Color Don’t Care 4-67 

Graphics Controller Data Rotate 4-62 

Graphics Controller Index 4-58 

Graphics Controller Miscellaneous 4-66 

Graphics Controller Mode 4-64 

Graphics Controller Read Map Select 4-63 

Graphics Controller Set/Reset Background Color 
Byte 0 4-59 

Graphics Controller Set/Reset Enable / Fore- 
ground Color Byte 0 4-60 

GRX 4-58 

Input Status Register 0 4-8 

Input Status Register 1 4-9 

Memory Mode 4-22 

MISC 4-5, 8-31, 8-32, 8-45, 9-61 

Miscellaneous Output 4-5 

Overscan (Border) Color 4-73 

Palette Address (Read mode) 4-11 

Palette Address (Write mode) 4-13 

Pixel Mask 4-10, 9-9 

Pixel Panning 4-75 

Plane Mask 4-19 

Sequencer Clocking Mode 4-17 

Sequencer Index 4-15 

Sequencer Reset 4-16 

SRO 4-16 

SR1 4-17, 8-31 

SR2 4-19, 4-68, 8-27, 8-28, 9-31 

SR3 4-16, 4-20 

SR4 4-6, 4-22, 4-64, 8-6, 8-44 

SR7 4-66 

SRX 4-15 

STAT 4-9, 4-74, 9-4 

summary of 4-2 


Video Capture and Window 


Capture Buffer 2 Address Byte 0,1 6-56 
Capture Buffer 2 Address Byte 2 6-57 
Capture Buffer 3 Address Byte 2 6-60 
Capture Buffer 3 Address Offset 6-61 
Capture Buffer 3 Horizontal Shrink 6-62 
Capture Buffer 3 Vertical Shrink 6-63 
Capture Line Read-Back 6-64 

Chroma Key Bytes 0-3 6-82 

CR31 6-5, 9-43 

CR32 6-6, 6-13, 9-43 
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CR33 6-7, 6-10, 9-38 

CR34 6-8, 6-10, 9-38 

CR35 6-9, 6-10, 9-38 

CR36 6-7 to 6-10, 9-38 

CR37 6-7, 6-10, 6-11, 6-12to 6-14, 6-29, 
9-38 

CR38 6-12, 6-14, 9-38 

CR39 6-6, 6-11 to 6-13, 6-27, 9-38, 9-43 

CR3A-CR3B 6-15, 6-16, 6-21, 6-31, 6-52, 
9-36, 9-40, 9-45, 9-47 

CR3C 6-15, 6-16, 6-17, 6-52, 9-36, 9-40, 
9-41, 9-45, 9-47 

CR3D 6-17, 9-41, 9-50 

CR3E 6-18, 9-10, 9-40, 9-42, 9-43, 9-45, 9-46 

CR8F 6-19, 6-20, 6-49, 6-55, 8-34, 9-42, 9-51, 
9-67, 9-68 

CR40 6-22, 6-30, 9-37, 9-38, 9-41 

CR43 6-23, 6-26, 9-38 

CR44 6-24, 6-26, 9-38 

CR45 6-25, 6-26, 9-38 

CR46 6-23, 6-24, 6-25, 6-26, 9-38 

CR47 6-23, 6-26, 6-27, 6-28, 6-29, 9-38 

CR48 6-28, 6-29, 9-38 

CR49 6-27, 6-28, 6-29, 9-38 

CR4A-CR4B 6-30, 6-31, 9-37, 9-41 

CR4C 6-16, 6-31, 6-32, 9-36, 9-37, 9-41, 9-45 

CR4D 6-32, 9-41 

CR4E 6-33, 9-40, 9-45 

CR4F 6-34, 9-45 

CR50 6-35, 6-37, 8-32, 9-46 to 9-51, 9-54, 
9-55, 10-7 

CR51 6-37, 6-38, 6-39, 6-56, 9-37, 9-46, 9-47, 
9-50, 9-51, 9-53 

CR52 6-38, 9-53 

CR53 6-39, 9-53 

CR54 6-40, 6-51, 9-52, 9-55 

CR55 6-41, 6-51, 9-52 

CR56 6-42, 6-44, 6-47, 9-52, 9-54 

CR57 6-43, 6-44, 9-52, 9-54 

CR58 6-15, 6-37, 6-43, 6-44, 6-45, 6-52, 9-37, 
9-40, 9-46 to 9-54 

CR59-CR5A 6-15, 6-21, 6-45, 6-52, 9-37, 
9-40, 9-47, 9-51 

CR5B 6-46, 9-45 

CR5C 6-47, 8-17, 9-46, 9-50, 9-52, 9-54 

CR5D 6-15, 6-45, 6-48, 6-52, 9-36, 9-38, 9-40 

CR5E 5-20, 6-49, 9-31, 9-41, 9-42, 9-47, 9-48, 
9-51 

CR5F 6-47, 6-51, 9-52 

CR60-CR61 6-15, 6-31, 6-52, 9-36, 9-40, 
9-45 


Copyright 1996 — Cirrus Logic Inc. F-5 


REGISTER INDEX 


CR62 5-15, 6-21, 6-31, 6-53, 8-34, 9-20, 9-60, 
9-67 

CR63 6-15, 6-20, 6-52, 6-55, 9-8, 9-36, 9-40, 
9-45 

CR64—CR65 6-56, 9-37, 9-51 

CR66 6-17, 6-21, 6-41, 6-49, 6-51, 6-52, 6-57, 
9-37, 9-40, 9-42, 9-47 to 9-51 

CR67 6-58, 9-48, 9-50 

CR68 9-37 

CR68-CR69 6-59 

CR69 9-37 

CR6A 6-60, 9-37 

CR6B 6-61, 9-50 

CR6C 6-62, 9-53 

CR6D 6-63, 9-53 

CR6E 6-64 

CR6F 6-21, 6-49, 6-65, 9-47, 9-53 

CR70 6-67, 9-56, 9-57 

CR71 6-68, 9-56, 9-58 

CR72-CR73 6-69, 9-37, 9-56, 9-58 

CR74 6-70, 9-56, 9-57 

CR75 6-71, 9-56, 9-58 

CR76-CR77 6-72, 9-37, 9-56, 9-58 

CR78 6-67 to 6-69, 6-73, 9-37, 9-56 to 9-58 

CR79 6-74, 9-37, 9-56, 9-57, 9-58 

CR7A 6-75, 9-56, 9-58 

CR7B 6-76, 9-57, 9-58 

CR7C 6-77, 9-57, 9-58 

CR7D 6-78, 9-57, 9-59 

CR7E 6-75 to 6-79, 9-56, 9-59 

CR7F 6-53, 6-69, 6-80, 9-37, 9-57, 9-59, 9-60, 
9-67 

Double-Buffer Control 6-49 

GR1IC 9-44 

GR1C-GRI1F 6-82, 9-45 

GR38-GR3B 6-80, 6-83, 9-5, 9-59 

Interrupt Source and Status 6-53 

Luminance-Only Capture Control 6-47 

Miscellaneous Video Control 6-20 

Miscellaneous Video Memory Aperture Controls 
6-55 

Stream Engine Buffer 1 Extension Bits 6-73 

Stream Engine Buffer 1 Page Table Offset 6-67 

Stream Engine Buffer 1 Source Address Byte 0, 1 
6-69 

Stream Engine Buffer 1 Target Address Byte 0 
6-68 

Stream Engine Buffer 2 Extension Bits 6-74 

Stream Engine Buffer 2 Page Table Offset 6-70 

Stream Engine Buffer 2 Source Address Byte 0, 1 
6-72 
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Stream Engine Buffer 2 Target Address Byte 0 
6-71 

Stream Engine Controls 6-80 

Stream Engine Destination Buffer Offset 6-76 

Stream Engine Fill Value Bytes 0-3 6-83 

Stream Engine Source Buffer Offset 6-75 

Stream Engine Target Buffer Width 6-77 

Stream Engine Target Height 6-78 

Stream Engine Vertical Scaling 6-79 

Video Buffer Address Offset 6-17 

Video Capture Buffer 1 Start Address 6-45 

Video Capture Buffer 3 Address Byte 0, 1 6-59 

Video Capture Buffer Extended Controls 6-65 

Video Capture Buffers 1 and 2 Address Offset 


6-58 

Video Capture Buffers 1 and 2 Horizontal Shrink 
6-38 

Video Capture Buffers 1 and 2 Vertical Shrink 
6-39 


Video Capture Clipping Overflow 6-51 
Video Capture Control 6-35 

Video Capture Data Format 6-37 

Video Capture Horizontal Delay 6-40 
Video Capture Horizontal Width 6-41 
Video Capture Maximum Height 6-43 
Video Capture Miscellaneous Control 6-44 
Video Capture Vertical Delay 6-42 

Video Window 1 Master Control 6-18 


November 1996 


F-6 


CL-GD5480 Technical Reference Manual 


Video Window 1 Pixel Alignment 6-48 
Video Window Brightness Adjust 6-46 
Window 1 Horizontal Overflow 6-10 
Window 1 Horizontal Region1 Size 6-7 
Window 1 Horizontal Zoom Control 6-5 
Window 1 Region 2 Source Data Size 6-9 
Window 1 Region 2 Width 6-8 

Window 1 Source 1 Address Byte 0,1 6-15 
Window 1 Source 1 Address Byte 2 6-16 
Window 1 Source 2 Start Address Byte 0,1 6-52 
Window 1 Vertical End 6-12 

Window 1 Vertical Overflow 6-13 
Window 1 Vertical Start 6-11 

Window 1 Vertical Zoom Control 6-6 
Window 2 Buffer Address Offset 6-32 
Window 2 Control 6-33 

Window 2 Horizontal Overflow 6-26 
Window 2 Horizontal Region 1 Size 6-23 
Window 2 Miscellaneous Control 6-34 
Window 2 Pixel Alignment 6-22 

Window 2 Region 2 Source Data Size 6-25 
Window 2 Region 2 Width 6-24 

Window 2 Source Address Byte 0, 1 6-30 
Window 2 Source Address Byte 2 6-31 
Window 2 Vertical End 6-28 

Window 2 Vertical Overflow 6-29 

Window 2 Vertical Start 6-27 


Copyright 1996 — Cirrus Logic Inc. 


Index 


INDEX 


CL-GD5480 Technical Reference Manual 


INDEX 


Numerics 


16 bpp YUV 9-13 

16.8M colors 9-14 to 9-15 
16-color modes. See modes 
256-color mode. See modes 
3:3:2 8-bpp RGB 9-11 

5:5:5 15-bpp RGB 8-47, 9-12 
6845 initialization C2-4 

8:8:8 24-bpp RGB 8-52, 9-14 
8:8:8:8 32-bpp RGB + Alpha 9-15 
8-bpp AccuPak 9-11 

8-bpp palettized 9-11 


A 


A:8:8:8 32-bpp RGB 8-52 
abbreviations 1-4, 3-5 
absolute maximum ratings 11-2 
AccuPak 2-10, 3-22, 6-18, 6-37, 9-11, 9-46, E1-2 
acronyms 1-4 
active display 4-73 
active display line 8-33, 9-31 
adapter card 
ground plane and the CL-GD5480 B1-4 
power supply and the CL-GD5480 B1-4 
address 
A000 4-66, 9-7 
BooO 4-66 
B800 4-66, 8-18, 9-7 
Co00 C2-2 
E000 C2-2 
VGA registers 9-2 
VGA relocation 7-9 
address maps C2-42 
address offset 8-24 
address wrap 4-52 
addressing 
chain-4 4-22, 8-44 
odd/even 4-64 
alphanumeric modes 2-6, 4-27 to 4-75, C2-33 
alternate PrintScreen handler C2-33 
analog E1-2 
apertures 
linear address byte-swapping 9-7 
second 16 Mbytes 5-16, 9-7 
ASCII 4-21 
See also Inside rear cover 
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attribute 
blink 2-6, C2-16 
blink enable 4-71 
toggle intensify C2-16 
underline 2-6 
attribute byte 4-29, 4-72 
attribute controller 
color plane enable 4-74 
description 3-20 
index 4-56 to 4-57 
LUT and 4-76 
register access 9-3 
toggle 4-56 


B 


background color 4-71, C2-13 
bandwidth, full 4-17 
BBS (bulletin board system) D1-2 
bi-endian support 9-7 
BIOS 
Cirrus Logic 
24-bpp mode and 9-15 
chip identification 9-67 
extensions C3-2 
get high refresh C3-7 
inquire options C3-4 
inquire revision code C3-4 
monitor detection 4-8 
pixel mask 4-10 
programming and 9-2 
query display mode C3-5 
read monitor ID/type C3-5 
register programming and 9-63 
scratch pad registers 8-8 
set high refresh C3-7 
set monitor type C3-6 
SMCLK and 9-62 
VCLK and 9-62 
version C3-4 
VESA timing and 9-64 
data area assignments C2-44 
definition E1-2 
EGA/VGA adapter C2-43 
hard disk C2-43 
memory 7-13 
planar C2-43 
ROM 9-6, 9-8 
sign-on C2-3 
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BIOS (cont.) 

VESA extensions 
purpose C3-10 
Super VGA mode numbers 3-24 

VGA 3-23, C2-2 

bit order 1-4 

bit plane enable 4-19 

BitBLT 
alternate aperture 9-20 
autostart 3-22, 5-16, 9-19, 9-24 
background-only clipping 5-20 
BLT direction 5-15 
BLT interrupt 5-15 
BLT pause 5-16 
BLT reset 5-17, 9-19 
BLT start 5-17, 9-5, 9-18, 9-32 
BLT status 5-17, 9-18 
brush 9-16 
buffered register status 5-16 
buffered registers 9-19 
busy status 8-36 
clip rectangle 5-20, 5-27, 5-30, 9-5, 9-29 
clipping with pattern fills 9-28 
color expand source 5-21 
color expansion 5-4 to 5-22, 9-26, 9-32 
color expansion width 5-14 
color expansion with Packed-24 modes 9-27 
color registers 9-27 
command list 5-9 to 5-20, 9-21 
command list termination 9-22 
completion interrupt 6-53 
definition E1-3 
destination 5-9, 9-5, 9-16, 9-32 
destination byte enable 9-31 
destination pitch 5-7, 9-5, 9-17 
direction 9-28 
display buffer switching 6-49 
double buffer control 6-50 
enable color expansion 5-13 
example 9-18, 9-32 
foreground color 9-31 
height 5-6, 9-5 to 9-32 
left-edge clipping 5-12 
memory read during 5-16, 9-20 
memory write during 9-20 
memory-mapped I/O 9-4, 9-21 
MMI/O enable 8-18 
mode 9-5, 9-21, 9-32 
mode extensions 5-20 
monochrome source 9-16, 9-26 
off-screen memory 9-17 
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BitBLT (cont.) 


overlapping operands 9-28 
parallelism 9-19 

pattern alignment 9-27 

pattern copy 5-13 

pattern fills 9-27 

pattern offset 9-28 

PCI retry 9-20 

pitch 9-17, 9-21, 9-32 

pixel size 5-13 

polygon fill 9-31 

protecting destination bytes 9-31 
ROP 5-18, 9-5 to 9-32 

ROP source 5-13 

ROPs restricted with color expansion 9-26 
screen-to-screen 5-14, 9-23 
screen-to-system not supported 5-15 
solid fill 5-21, 9-31 

source 5-11, 5-14, 9-5 to 9-32 
source alignment 5-12 

source clipping 9-23 

source data granularity 5-21 

source for color expansion 9-26 
source not written 9-16 

source pitch 5-8, 9-5, 9-17 

source transparency 5-22, 9-28 
status polling 9-20 

synchronous display switching 5-20 
system source location 5-16, 9-20 
system-to-screen 5-12, 5-14, 5-21, 9-23 
text expansion 9-32 

transparency 5-4 to 5-22, 9-5, 9-28 
transparent source 2-3, 3-22 
unaligned source 9-23 

width 5-5, 9-5 to 9-32 

window switching 9-31 

write control by byte 4-19 

X-Y positioning 5-5 to 5-23, 9-5 to 9-29 


BitBLT engine 2-2, 3-20, 9-15 
blanking control 4-73, 8-43 

border C2-17 

border color 4-73, C2-13 to C2-17 


display memory data 8-10 
host 4-62 

PCI 3-7, B1-2, B2-2 

PCI bus schematic B2-1 


bus master 


access latency 7-14 
description 9-56 
enable 7-5 
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bus master (cont.) 
latency timer and 7-7 
page table 6-67, 6-70 
page table address 8-48 
page table format 9-56 
protocol 9-60 
termination 7-4 
video stream engine support 9-35 
byte enable outputs 10-3 
byte pan 4-36 
byte/word mode 4-52 


Cc 


capacitors, filter B1-5, B2-10 
capture 

filtering 9-53 

luminance-only (VBI) 9-46 

shrink 6-37 

VBI 9-46 
capture buffers. See video capture 
CGA 

compatibility 4-53, 4-64 

modes 4-66, 4-73 
chain odd maps to even 4-66 
character 

address counter 8-44 

blinking 4-71 

cell 4-38 to 4-39, 4-71 

cell height 4-37, 4-39 

codes 4-29, 4-71 

height 4-37 

row 4-36 

set select C2-23 

set, CGA C2-4 

set, primary 4-20 

set, secondary 4-20 
character clock 4-18 to 4-52 
character clock generator 4-18, B9-3 
character counter 4-30 to 4-33 
character map 

primary 4-21 

secondary 4-20 
characteristic impedance B1-5, B2-10 
chip 

revision code C3-4 

type C3-3 
chroma key 3-21, 8-29 to 8-47, 9-44, E1-3 
chrominance 

AccuPak 9-11 

buffer access 6-31 

buffers 6-69, 6-72 
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chrominance (cont.) 
matrix 9-14, 9-45, 9-51 
YUV 4:2:2 9-13 
Cirrus Logic 
Bulletin Board Service D1-2 
CL-GD542X 9-60 
CL-GD543X/'4X 9-60 
CL-GD5440 9-39 
CL-GD5446 9-42, 9-47 
clipping 9-29 
CLMODE utility C1-2 
clock 
doubling 9-11, 9-13, 9-39, 9-62 
See also DCLK; SMCLK 
closed caption 3-21 
collection of video information C2-38 
color 
compare logic 4-65 
compare plane 4-61 
don’t care plane 4-67 
expansion 2-2, 5-4, 5-13, 9-5 
match logic 4-65 
space conversion 9-11 
color key 3-21, 8-29 to 8-47, 9-44, E1-3 
color key 1:5:5:5 graphics 9-44 
color modes 4-6 
compatibility 
CGA 4-53, 4-64 
Cirrus Logic devices 8-4 
EGA 4-22, 4-64, 4-70 
Hercules 4-53, 4-66 
MDA 4-66, 4-72 
pixel panning 4-71 
VESA C2-3 
VGA 8-6 to 8-52, 9-11 
configuration 
CF1 8-34, 10-7 
CF2 7-10, 9-6 
CF3 7-10, 9-6 
CF4 9-6, 10-3 
resistors B2-11 
with pull-down resistor B5-2 
connector pin diagrams 
PCl bus A1-4 
VESA pass-through A1-3 
VGA, DB15 A1-2 
conventions 3-5 
count by four 4-49 
count by two 4-52 
CPU FIFOs 3-20 
CRT FIFO 8-6, 8-17 
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CRTC 
address counter 4-52 to 4-53 
blanking 4-37 
description 3-20 
external clock and B9-2 
overview 2-5 
scan double 4-37 
timing enable 4-52 
timing logic 4-52 
CRTC programming 
non-standard timing parameters 9-66 
register list 9-66 
timing generation 9-65 
VESA timing specifications 9-64 
crystal frequency, 14.31818 MHz 2-10 
current reference B1-5 
cursor 
emulation C2-35 
graphics. See graphics cursor 
position programming C2-11 to C2-12 
select 8-15 
size select 8-13 
start 4-37 


DAC 
definition E1-4 
extended colors 8-14 
external clock and B9-2 
palette 3-21, 4-10, 4-14, 10-7 
power down 3-22 
registers 4-10 to 4-14 
sensing 4-8 
shadowing 7-5 
state 4-12 
data latches 4-55 
data reduction 
method 6-37 
See also capture; equations; horizontal; vertical; 
video capture; video window; zoom 
DC specifications 11-3 
DCLK 
external clock and B9-2 
generates CCLK 4-18 
maximum 2-3 
output +2 8-32 
DDC Al1-2 
DDC2B 2-4, 2-10, 8-34 
decimation control 6-55 
decoupling capacitors B1-5 
device ID 7-3, 8-50 
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diagnostic bits 4-74 
diagnostic readback 4-9 
digital E1-5 
direct-color modes. See modes 
disable 

DCLK 8-34 

default palette loading C2-34 

display C2-34 

host access to display memory 8-31 

screen display C2-36 

screen refresh 8-31 

summing-to-grayshades C2-34 

text cursor 4-38 

vertical interrupt 4-45 
display 

address offset 8-43 

clock frequency 8-22 

data shifters 4-17 

disable C2-34 

enable 4-7, 4-9, 4-32, 4-57, 8-43, C2-34 

enable skew 4-29 

FIFOs 3-21 

page C2-10 

shift registers 4-64 

start address 8-42 

state C2-15, C2-41 

switch C2-35 

timing 9-64 

type 4-72, C2-36 to C2-37 
display memory 

address 7-8 

apertures 7-8 

bandwidth 4-17 

base address 9-6 

capacity 2-3 

configurations B3-2 

data organization 9-11 to 9-15 

enable CPU access to VGA 4-6 

installed C3-4 

interface B2-3 

offset 4-48 

PCI base address 7-8 

pixel addressing 9-9 

refresh 4-16 to 4-17 

screen start and 4-40 

SGRAMs and B1-6 

text cursor 4-43 

with Write modes 4-59, 4-68 
display modes 

0,1,4,5,D 4-17 

4,5 4-64 
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display modes (cont.) 
configuration utility C1-2 
definition E1-5 
get current C2-32 
OEMSI utility and C2-3 
set C2-7 
double buffering 8-42, 9-31 
DoubleWord mode. See modes 
DRAM E1-6 
dual-frequency synthesizer 2-4, 3-22 


E 


EDO E1-6 

EGA 
compatibility 4-64 
modes 4-22, 4-66, 4-73 
See also modes 

enable 
5:5:5 mode 8-51 
all extended modes 8-51 
alternate FIFO threshold 6-47 
auto-decimate 6-20 
blank end extensions 8-43 
bus master 7-5 
default palette loading C2-34 
display 4-7, 4-57, C2-34 
error diffusion 6-18 
extended address wrap 8-44 
extended display modes 8-6 
gamma correction 8-13 
graphics cursor 8-14 
I/O access, PCI 7-5 
INTA# 8-35 
interlaced 8-42 
interrupts 8-35 
line graphics (character mode) 4-71 
linear addressing 8-5 
luminance-only capture 6-47 
map 4-19 
memory access:PCI 7-5 
memory-mapped I/O 8-18 
MISC pin 8-36 
occlusion 6-18 
screen display C2-36 
set/reset plane 4-60 
summing-to-grayshades C2-34 
text cursor 4-38 
VGA display memory 4-6 
video capture 6-37, 9-46 
video window 6-19, 9-40 
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equations 
horizontal active time 9-66 
horizontal zoom factor 6-5 
pixel address 9-10 
pixel time 9-66 
SMCLK synthesizer 9-63 
VCLK synthesizer 9-62 
vertical shrink factor 6-6 
vertical zoom factor 6-6 
video window horizontal region 1 9-39 
video window horizontal region 2 9-39 
video window video source size 9-40 
window 1 R2SZ 6-8 
window 1 region 1 size 6-7 
window 1 region 2 size 6-8 
window 1 shrink factor 9-43 
window 2 region 1 size 6-23 
window 2 region 2 size 6-24 
window 2 region 2 source data size 6-25 
X-Y position 9-24 
zoom factor 9-43 
error diffusion 6-18 
even field 9-48 
extended display 
controls 8-43 
modes 3-24 
start address 8-43 
extended memory 4-22 
extended mode 8-6 
external reference oscillator B1-5 
external video source B9-3 


F 


FCC Class B emission tests B1-4 
features list 2-3 
field definition 9-46 
FIFO 
control parameters 3-20 
demand threshold 6-47, 8-17 
display 3-21 
threshold 9-46 
filter capacitors B1-5 
filtering 9-53 
fonts 4-20, C2-3 to C2-32 
foreground color C2-13 
frame-rate conversion 9-46 
frequencies, higher B1-4 
function select 4-62 
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G 


gamma correction 8-13, 9-12, 9-14 to 9-15 
gamma correction, disabled in palettized mode 9-11 
GENLOCK 8-45, B9-2 
get 
buffer size for display state C2-41 
current display configuration C2-32 
cursor position C2-9 
display combination code (DCC) C2-36 
display state C2-15 
pixel C2-14 
GPIO 
base address 7-10, 9-6 
control signal type 8-38 to 8-39 
description B11-2 
frame buffer and 9-8 
functional description 3-22 
PCI specification and 9-8 
support 2-4 
timing 8-38, B11-4 
graphics 
character table C2-4 
definition 9-35, E1-7 
modes 4-27 to 4-75 
graphics controller 
chain-4 addressing and 4-22 
control 4-17 
data latches 4-55 
functional description 3-20 
index 4-58 
odd/even address mode and 4-64 
overview 2-6 
graphics cursor 
CL-GD543X/’4X compatible 9-60 
enable 8-14 
two color (not full-color) 9-60 
X position 8-11 
Y position 8-12 
grayscale C2-20, C2-34 
ground plane 
cuts and B1-4 
description B1-4 
isolated B1-4 
recommendation B2-10 


H 


hardware cursor. See graphics cursor 
Hercules compatibility 4-53 

high bandwidth B1-2 

high-frequency characteristics B1-5 
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horizontal 
active time equation 9-66 
blank 4-9, 4-30, 4-33, 8-10 
blank end 4-30, 4-32, 8-42 
blank end overflow 8-42 
blank start 4-28 
capture shrink 6-38 
character count 8-41 
counter B9-3 
display end 4-27, 4-31 
filtering 9-53 
interpolation 6-5 
pixel panning 2-6 
syne 4-52 

See also HSYNC 

sync delay 4-32 
sync end 4-33 
sync start 4-31 to 4-32, 8-46 
timing generator 4-26, B9-3 
timing, GENLOCK 8-45 
total 4-29 to 4-31, 4-33, 8-41, 8-46, B9-3 
zoom 6-5 

HSYNC 
buffer control 10-7 
delay 4-32 
external master and B9-2 
filters on B2-4 
GENLOCK 8-45, B9-3 
output static 8-32 
polarity 4-5 
start 4-31 


/O port 
3B4 4-6, 9-2 


3C4 4-15, 8-11, 9-3 

3C5 4-16 to 4-22, 8-4, 8-23 

3C6 8-51, 9-3, 9-9 

3CA 9-3 

3CC 9-3 

3CE 9-3 

3CF 4-59 to 4-68, 5-4, 5-30, 8-24 

3D4 4-6, 9-3 

3D5 4-26 to 4-57, 8-41, 8-50 

3DA 4-6, 9-3 

assignment C2-50 

VGA register relocation 9-4 
l2C support 2-4 
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IBM standard VGA display modes 3-23 
IBM VGA compatibility 3-20 
interlace end 8-41 
interlaced 

definition E1-8 

display modes 4-37 

timing 8-41 to 8-42 
interpolated Y-zooming 3-21 
interpolation 6-6, 6-18, 9-11, 9-13, E1-8 
interrupt 

BitBLT complete 6-53 

enable 8-35 

pending 4-8, 4-45 

service routines 9-67 

source 6-20 

stream engine 6-80 

vector assignments C2-52 

V-Port 6-20 

VPORT control 6-21 


L 


latches, configuration B5-2 

layout guidelines B1-1 

line compare 4-35, 4-37, 4-54, 4-71 

line compare extension 4-45 

linear addressing 6-45, 8-5, 8-24, 9-7 
logical operations on two variables 9-26 
luminance 6-46, 9-11 

luminance matrix 9-14, 9-45, 9-51 
luminance-only capture 6-37, 6-47 

LUT 9-11 


manufacturing test B10-1 to B10-6 
map enable 4-19 
MDA 

compatibility 4-72 

emulation 4-66 

modes 4-66 
memory address counter 2-5, 4-49, 4-52 
memory configurations B3-2 
memory map 4-66, C2-43 
memory sequencer 3-20 
memory, extended 4-22 
memory-mapped I/O 

address 7-9, 8-18 

base address 9-6 

BitBLTs with 9-4, 9-21 

enable 8-18 

offsets 9-5 

performance and 3-22 
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memory-mapped I/O offset 
01h-03h 5-4 
08, 09h 5-5 
20h-23h 6-83 
modes 
1:5:5:5 RGB 9-44 
16-color 4-65, 4-70, 9-9 
256-color 4-64, 9-11 
256-color display 4-64 
5:5:5 8-51 
5:5:5 RGB 9-12 
5:6:5 16-bpp RGB 9-12 
5:6:5 XGA™ 8-52 
8:8:8 RGB 9-14 
8:8:8:8 24-bpp 9-15 
8:8:8:8 32-bpp 9-15 
alphanumeric. See alphanumeric 2-6 
color 4-6 
direct-color 2-10, C2-2 
display. See display modes 
DoubleWord 4-49 
extended display 8-6 
extended mode select 8-52 
MDA emulation 4-66 
monochrome 4-6 
odd/even 4-22 
odd/even address 4-64 
palette 8-52 
read. See read modes 
shift register 4-64 
sleep mode C2-42 
static clock 8-31 
teletype C2-14 
text. See alphanumeric modes 
true color C2-2 
TTY C2-14 
VGA sleep C2-42 
write. See write modes 
XGA 5:6:5 16-bpp RGB 9-12 
YUV 4:2:0 9-13, 9-46 
YUV 4:2:2 9-13 
monochrome modes 4-6 
motherboard 
design B1-3 
ground plane and the CL-GD5480 B1-4 
parts placement B1-3 
power supply and the CL-GD5480 B1-4 
MPEG E1-8 
multilayer boards B1-4 
multi-level write cache 3-22 
multiply vertical registers 4-52 
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N 


numeric naming 1-4, 3-6 


O 


occlusion 3-21, 6-33, 8-30, 8-47, 9-39, 9-44, E1-9 


odd field 9-48 
odd/even mode. See modes 
OEMSI utility 
BIOS customization and C2-3 
description C1-3 
display-type configuration C1-3 
font tables C1-3 
sign-on message C1-3 
offset 4-48 
offset into patterns 9-28 
old services pointer C2-4 
ordering information 3-39 
overscan C2-16 to C2-17 
overscan color 8-14 
overscan color protect 8-13 


P 


package dimensions 3-38 
package marking numbering guide 3-39 
packed pixel 9-9 
packed-24 5-12, 5-20, 8-5 
page flipping 6-50, 8-33 
page select 4-6 
page table 8-48 
palette 
address 4-13 
DAC 2-10, 3-21, 8-51 
default C2-18 to C2-19, C2-34, C2-48 
loading C2-4 
set all C2-16 
set individual register C2-15 
set internal/external C2-34 
set select C2-13 
panning 4-36 to 4-75 
parts placement B1-2 
patterned polygon fill 9-31 
PCI 
aperture 6-55 
bus master 7-4, 7-14, 9-56, 9-60 
class code 7-6, 9-6 
command 9-6 
configuration registers 9-6 
DAC shadowing 7-5 
device ID 7-3 
display memory base address 7-8 
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PCI (cont.) 


enable bus master 7-5 

enable I/O access 7-5 

enable memory access 7-5 
frame buffer base address 9-6 to 9-7 
GPIO base address 7-10, 9-6 

I/O base address 7-9 

interrupt request B5-3 

latency timer 7-7, 9-60 

MMIO base address 7-9 
prefetchable 7-8 

retry 9-60 

revision 7-6 

ROM base address 9-6 

status 7-4 

stream engine address 9-58 
subsystem ID 7-12, 8-18, 9-6 
subsystem vendor ID 7-12 

target abort 9-60 

time-out compliance 8-18 

VGA relocation base address 9-6 


PCI bus 


interface 3-20 
layout guidelines B1-2 
single-load specification 9-8, B11-2 


PCI Special Interest Group B1-3 
pin descriptions 


BIOS ROM 10-4 

display memory interface 10-5 
GPIO 10-8 

host interface 10-2 

monitor interface 10-6 
pass-through connector 10-7 
power and ground 10-10 
V-Port 10-9 


pin diagram 3-7 
pin scan 


enable B5-3 
testing 3-22, B7-2 


pin summary 


display memory interface 3-11 
GPIO port 3-15 

host interface 3-8 
miscellaneous 3-16 

multiple use 3-17 

power and ground 3-16 
V-Port 3-15 


pins 


AD 10-3 
BIOS ROM 10-4 
BIOSA 10-4 
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pins (cont.) 

BIOSD 10-4 

BLANK# 4-17, 6-36, 9-54, 10-7 

BLUE 10-6 

CBE# 10-3 

DACVDD 10-10 

DACVSS 10-10 

DCLK 4-6, 6-35 to 6-36, 8-34, 9-54, 9-61, 10-7, 
B9-2 

DEVSEL# 7-4, 10-2 

EDCLK# 4-6, 6-20, 6-36, 9-54, 10-8, B9-2 

EROM# 10-4 

ESYNC# 6-36, 10-7 

EVIDEO# 6-36, 9-54, 10-7 

FRAME# 9-60, 10-2 

GNT# 9-60, 10-2 

GPCS# 10-8, B11-3 

GPIOAS# 8-34 

GPIOD 10-8 

GPIODO 8-34 

GPIOD6 8-34 

GPIOD7 8-34 

GPIORD# 10-8, B11-3 

GPIOWR# 10-8, B11-3 

GPRDY/DT 10-8, B11-3 

GREEN 10-6 

host interface, summary 3-8 

HREF 6-36, 9-46, 9-50, 9-54, 10-9 

HSYNC 4-5, 4-17, 8-45, 10-6 

I2CCLK 8-7 

I2CDAT 8-7 

IDSEL 10-2 

INTA# 6-20 to 6-54, 8-35, 9-67, 10-3, B2-3 

IRDY# 10-2 

IREF 10-6 

MISC 8-36 

non-scanned B7-8 

Osc 10-9, B1-5 

PAR 10-3 

P-bus 9-54 

PCICLK 10-2 

pin scan order B7-3 

PIXCLK 6-35, 9-54, 10-9 

PIXD-bus 6-36, 9-54 

RED 10-6 

REQ# 9-60, 10-3 

RSET 10-6 

RST# 10-2, B5-2 

STOP# 10-3 

TRDY# 3-20, 9-5, 10-2, B11-4 

VACT 9-50, 9-54, 10-9 
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pins (cont.) 
VDD 10-10 
VREF 6-20 to 6-37, 9-46, 9-50 to 9-51, 9-54, 
10-9 
VSS 10-10 
VSYNC 4-5 to 4-17, 6-19, 8-45, 9-40, 10-6 
XTAL 10-9, B1-5 
pitch 4-48 
pixel 
address relationship 9-9 
addressing 9-9 
bus 4-9, 7-12 
clock select 4-6 
data 4-14 
double clock select 4-71 
formats 9-10 
horizontal panning 2-6 
mask 4-10, 8-51 
panning 2-6 
read dot function C2-14 
size 8-5 
time equation 9-66 
write dot C2-14 
planar 9-9 
plane select 4-63 
polygon fill 5-12 
post scalar 8-22 
power conditioning B2-11 
power management 
overview 9-63 
static clock mode 8-31 
support 2-4 
system level 8-31 
VGA core 3-20 
power plane B1-4, B2-10 
PrintScreen C2-33 
production versions covered 1-2 
programmable input 8-34 
programmable output 8-34 


R 


RAM 
CGA display C2-43 
EGA display C2-43 
EGA/VGA display C2-43 
HGC display C2-43 
MDA/HGC display C2-43 

RAMBIOS utility C1-2 

raster timing B9-3 
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read 
color register, individual C2-19 
color registers, block of C2-19 
OverScan (border) register C2-17 
palette register, individual C2-16 
palette registers and OverScan register, 

all C2-17 

pixel C2-14 

read modes 
mode 0 4-63, 4-65, 8-6 
mode 1 4-61, 4-65, 4-67, 8-6 

readback active display line 9-31 

reference designs B1-4 

registers 
16-bit access to 9-3, 9-21 
programming considered harmful 9-2 
See the register index 

replication 6-6 

RESET 8-9, B5-2 

restore display state C2-42 

RGB 4-14 

RGB traces B1-5 

rotate count 4-62 


S 


saving display state C2-41 
scanline 
counter 4-51 to 4-52 
graphics cursor offset 8-12 
HSYNC and 4-5 
odd field last (interlaced) 8-41 
select C2-33 
total per frame 4-34 
underline 4-49 
vertical blank end 4-51 
screen 
display C2-36 
refresh 3-20, 4-16, 8-31 
screen A 
panning 4-71 
preset row scan 4-36 
start 4-40, 4-42 
start address calculation 9-10 
terminate 4-54 
screen B, start 4-54 
screen start A 4-41 
buffers and 6-50, 9-31 
extensions 4-25, 8-43, 8-47 
frame buffers and 5-20 
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scroll 
screen A 4-54 
soft scroll 4-36 
window down C2-11 
window up C2-10 
SDRAM 
512K SDRAM banks 8-18 
bank size 8-18 
connection tables B3-3 
data bus width 8-10 
refresh 4-45 
refresh control 8-37 
second bank enable 8-10 
segment 
C000 C2-2 
E000 C2-2 
select 
active display page C2-10 
block specifier C2-23 
color page C2-18 
pixel clock 4-6 
pixel double clock 4-71 
row scan counter 4-53 
scanlines for text modes C2-33 
self-keying video 9-44 
sequencer 
data path width 8-5 
index 4-15 
memory interface and 2-4 
reset 4-16 
serializer 4-64 
set 
block of color registers C2-18 
cursor position C2-9 
cursor type C2-8 
display combination code (DCC) C2-37 
display mode C2-7 
individual color register C2-17 
individual palette register C2-15 
OverScan register C2-15 
palette registers and OverScan register, 
all C2-16 
pixel C2-14 
pointer of user’s graphics font table C2-30 
set/reset logic 4-65 
set/reset plane 4-59 
SGRAM 
display memory and B1-6 
initialization 7-5 
refresh 3-20 
shift register modes. See modes 
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signature generator 
board testing and 3-22 
control 8-19 
enable 8-19 
reset 8-19 
sleep mode. See modes 
SMCLK 
DRAMs and B3-3 
FIFO threshold and 8-17 
frequency 8-23 
maximum 2-3 
programming 9-63 
SGRAM and 2-5 
smooth interlacing 6-13 
software 
drivers kit C1-5 
support C1-2 
utilities C1-2 
source transparency 5-14, 5-22, 9-28 
split screen 4-71 
stream engine 
buffer 1 
bus master page table address 8-48 
page table offset 6-67, 6-73 
source address 6-69 
buffer 2 
bus master page table address 8-48 
extensions 6-74 
page table offset 6-70, 6-74 
source address 6-72, 6-74 
target address 6-71, 6-74 
bus master and 9-35 
bus master protocol 9-60 
capture synchronization 9-59 
constant 6-83 
constant value 6-80 
controls 6-80, 9-59 
destination buffer address 9-58 
destination buffer offset 6-76, 6-79 
destination pitch 9-58 
fill value 6-83, 9-5 
frame buffer address 9-58 
frame buffer to system memory 9-56 
height 6-79, 9-59 
interrupt 6-80 
interrupt source and status 6-53 
overrun 6-54, 9-60 
overrun count 6-53 
page table 6-70, 6-73 to 6-74 
page table entry 9-57 
pause 6-81 
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stream engine (cont.) 

PCI address 9-58 

pitch 9-58 

register summary 9-56 

reset 6-81 

scaling 9-59 

source address 6-69 to 6-74 

source buffer 9-58 

source buffer offset 6-75, 6-79 

source pitch 9-58 

start 6-81 

synchronization 9-59 

target address 6-68 to 6-74 

target buffer width 6-77 

target height 6-78 

target pitch 9-58 

target width 6-79 

transfer complete 6-53 

transfer mode 6-80 

vertical scaling 6-79, 9-59 

video capture and 9-46 

width 9-58 

YUV 4:2:0 transfer 6-80 
sum color values to grayshades C2-20 
switch display C2-35 
synthesizer 

filters B1-5 

programming 9-61 


T 


tantalum B1-5 
TeleText 3-21 
teletype mode. See modes 
test B10-1 to B10-6 
testing B7-2 
text cursor 
disable 4-38 
end 4-39 
location 4-43 
skew 4-39 
start 4-38 
text modes. See alphanumeric modes 
timing 
enable 4-52 
interlaced 8-41 to 8-42 
non-standard parameters 9-66 
PCl bus 7-4 
transmission line B2-4, B2-10 
transmission lines B1-5 
true color modes. See modes 
TTY mode. See modes 
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U 


underline 4-37 
underline scanline 4-49 
units of measure used 3-5 
utilities 
CLMODE C1-2 
configuration C1-2 
OEMSI C1-3 
RAMBIOS C1-2 


V 


VBI (vertical blanking interval) 9-46 
VBI offset 6-51 
VCLK 
clock doubling 8-5, 9-11, 9-62 
counter B9-3 
DCLK and 4-17 
denominator 8-22, 9-62 
divide by two 4-17 
dual-frequency synthesizer and 3-22 
external master B9-2 
frequencies 4-6 
numerator 8-9, 9-62 
post-scalar 8-22, 9-62 
SGRAM and 2-5 
source 9-61 
spreadsheet available 9-62 
vector location C2-4 
vendor ID 7-3, 9-6 
vertical 
blank 4-9, 4-50 
blank end 4-51, 8-42 
blank end overflow 8-42 
blank start 4-35, 4-37, 4-50 
capture shrink 6-39 
counter 4-52, 6-11 
display end 4-35, 4-47 
interpolation 6-13 
interrupt 4-45 
retrace 4-9, 4-36 
retrace start 4-35 
stream engine scaling 9-59 
sync end 4-46 
sync start 4-44, 4-46 
synchronization 10-6 
timing generator 4-26 
total 4-34 to 4-35, 4-46, B9-3 
V-Port syne 6-20 
zoom 6-6 
vertical sync. See VSYNC 
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VESA 


compatibility C2-3 

functions and pitch 9-9 

pass-through connector 3-22, 8-34, A1-3 
timing 9-64 


VGA 


compatibility 9-11 

display modes 3-23, 4-66 
graphics controller 4-58 
I/O relocation 7-9 
mapping 8-24 

mode 13 4-71, 4-75 
register port map 3-28 
register relocation 9-4, 9-6 
sleep mode C2-42 
software drivers C1-4 
standard modes and compatibility 9-7 


vias B2-4 
video 


AccuPak 9-44 

definition 9-35, E1-11 
display 3-19 

display information C2-38 
old services C2-4 
playback 3-20 


video aperture 


auto-decimation 6-21 
YUV 4:2:0 assist 9-8 


video capture 
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address offset 6-16 to 6-17, 6-35 
alternate fields 6-35 to 6-36 
buffer addressing 9-50 
buffer offset 6-58, 9-50 
buffer status 6-66 
buffer summary 9-36 
bus configuration 6-36 
capture buffer 1 
address 6-44 to 6-45 
double-buffer control and 6-49 
enable 9-48 
independent capture 9-48 to 9-49 
source address 6-15 
YUV conversion and 9-51 
capture buffer 2 
address 6-56 
enable 6-66 
independent capture 9-48 to 9-49 
capture buffer 3 
address 6-60 
enable 6-66 
flip 6-60 
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video capture (cont.) 


capture buffer 3 (cont.) 
frame address 6-59 
horizontal filter control 6-65 
horizontal shrink 6-62 
non-interlaced 9-50 
offset 6-60 to 6-61 
status of 6-66 
vertical shrink 6-63 
window 2 and 9-41 
YUV conversion and 9-51 
capture buffer offset 6-51 
capture clock 6-35, 9-55 
capture line read-back 6-64 
capture shrink 6-38 to 6-39, 6-62 to 6-63, 9-52 
capture shrink (horizontal) 6-38 
capture shrink (vertical) 6-39 
capture shrink control 6-37 
chrominance buffer access 6-37, 6-56 
chrominance matrix 6-45 
CL-GD5446 compatible 9-47 
clipping 6-41 to 6-42, 9-52 
clipping overflow 6-51 
clocking mode 6-35 
control 6-35 
conversion to AccuPak during 9-46 
current capture buffer 6-21 
data format 6-37 
data reduction 6-63 
CL-GD5446 compatible 9-53 
See also equations; horizontal; vertical; video 
capture, capture shrink; video win- 
dow; zoom 
description 9-46 
digital camera 6-36, 6-44 
double buffering 6-21, 9-51 
double-buffer contro! 6-49 
enable 6-37, 9-46 
enable alternate offset 6-47 
enable buffer 2 6-66 
enable vertical shrink 6-13 
field ID 6-20, 6-44 
filter control 6-65 
filtering 9-53 
flip 6-57 
format 6-37, 9-50 
general description 3-19 
horizontal delay 6-40, 6-51 
horizontal filtering 9-53 
horizontal shrink 6-62 
horizontal shrink during 6-38 to 6-39 
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video capture (cont.) 


horizontal width 6-41, 6-51 

HREF sense 6-36 

independent addressing 6-57, 9-48 
interlaced addressing 6-35, 9-51 
interrupt source and status 6-53 
left-edge clipping 6-40 

local video 9-48 

luminance-only capture 6-42 to 6-51 
maximum height 6-43 to 6-44 
miscellaneous controls 6-44, 9-55 
miscellaneous video control 6-20 
non-interlaced addressing 9-50 
offset 6-57 to 6-58 

overview 9-34 

pins redefined 9-54 

pitch 9-48 

shrink 9-52 

stream engine synchronization 9-59 
temporal decimation 6-35, 9-46 
vertical clipping 6-43 

vertical delay 6-42, 6-44 

vertical flip 6-57 

vertical maximum 6-43 

vertical shrink 6-63 

video buffer address offset 6-17 
video window source 6-49 

V-Port and 3-21 

V-Port interrupt status 8-34 
window 2 9-48 

YUV 4:2:0 9-51 


video stream engine. See stream engine 
video window 
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address offset 6-16 to 6-17 
alternate FIFO threshold 9-46 
brightness adjust 6-46, 9-45 
buffer summary 9-36 
capture buffer 1 
address 6-44 to 6-45 
double-buffer control and 6-49 
captured video displayed in 9-46 
chroma key 6-82 
chrominance buffer access 6-31, 6-52 
contiguous 9-38 
description 9-35 
display buffer 9-48 
double buffer control 6-49 
double buffering 9-40 to 9-41, 9-51 
double-buffer contro! 6-49 
double-buffering of position registers 8-42 
enable 6-19, 9-40 
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video window (cont.) 
enable sequential odd-even fields 6-13 
format 6-19, 9-42 
horizontal definitions 9-38 
independent addressing 6-57 
independent source buffer 2 6-52, 6-55 
key status 8-36 
miscellaneous video control 6-20 
occlusion 8-29, 9-43 
occlusion enable 6-18 
occlusion using chroma key 6-82, 9-44 
occlusion using color key 9-44 
odd/even line select 6-13 
odd/even scanline 6-27 
overview 9-34 
position on screen 9-37 
region 1 size 9-37 to 9-39 
region 2 data size 9-38 to 9-39 
region 2 size 9-37 to 9-39 
region 2 source size 9-37 to 9-39 
region 2 width 9-38 
region 3 9-38, 9-40 
region on left 9-37 
scanlines 6-12 
secondary FIFO threshold 8-17 
vertical end 6-12, 9-38 
vertical start 9-38 
video buffer address offset 6-17 
video format 6-19, 9-42 
video source size 6-25 
video window source 6-49 
V-Port and 3-21 
window 1 
double buffering 9-40 
graphics data skipped 6-8 
horizontal parameters overflow 6-10 
horizontal zoom 6-5 
mirror 6-10 
offset 9-41 
pitch 9-41 
region 1 size 6-48 
region 2 size 6-48 
region 2 source size 6-9 
region 2 width 6-8 
region on left 6-7, 6-48 
scanlines 6-11 
shrink enable 6-10 
start address 6-48 
vertical end 6-14 
vertical overflow 6-13 
vertical shrink 6-6 
vertical start 6-11, 6-14 
vertical zoom 6-6, 6-18 


Copyright 1996 — Cirrus Logic Inc. 


F-21 


INDEX 


video window (cont.) 


window 1 (cont.) 
video source 9-40 
video source size 6-9 
width 6-8, 6-48 
zoom 9-43 

window 2 
address offset 6-31 to 6-32 
capture buffer 6-59 
graphics data skipped 6-24 
horizontal parameters overflow 6-26 
mirror 6-26 
miscellaneous controls 6-34 
occlusion 9-45 
occlusion control 6-33 
region 1 size 6-22, 6-26 
region 2 size 6-22, 6-26 
region 2 source size 6-25 
region 2 width 6-24 
region on left 6-22 to 6-23 
scanlines 6-27 to 6-28 
source 6-31 
start address 6-22 
vertical end 6-28 to 6-29 
vertical odd/even line select 6-29 
vertical start 6-27, 6-29 
width 6-22, 6-24 
window priority 6-34 

YUV 9-13 

YUV data range 6-18 


video-to-system 9-56 
VMI connector B1-5 
V-Port 


interrupt status 6-54 
See also video capture 


VSYNC 


W 


double buffered display start 8-42 
external master and B9-2 

filters on B2-4 

GENLOCK 8-45, B9-3 

odd field 8-41 

output static 8-32 

signature generator and 8-19 


window. See video window 
write 


character C2-12, C2-14 
modes 8-6 

pixel C2-14 

protect 4-45 

teletype string C2-36 
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write modes 
mode 0 4-59, 4-62, 4-65, 4-68 
mode 1 4-65 
mode 2 4-65, 4-68 
mode 3 4-59, 4-62, 4-68 


Y 


YCrCb E1-12 

YUV 2-10, 3-21, 6-18 to 6-46, 9-44, E1-12 
YUV 4:2:0 6-31, 6-37, 6-55, 6-80, 9-8 to 9-51 
YUV16 6-65 
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Z-buffer 6-80 
zoom 


F-22 


definition E1-12 
functional description 3-21 
horizontal 6-5 to 6-20 
shrink and 6-13 

support 2-3 

vertical 6-6 to 6-18 

video window 9-43 

X axis 9-43 

Y axis 9-43 
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November 1996 Reader Response Card 


Please help us provide the best documentation possible by answering these questions and return- 
ing this card. 


Mail: Cirrus Logic Inc., Technical Publications Manager MS 527 
3100 W. Warren Ave., Fremont, CA 94538 


Fax: (510) 226-2240 
e-mail: publications@corp.cirrus.com 
Does this manual adequately help you understand and use the CL-GD5480? 


How do you use this book — did you (or will you) read it completely, or do you use it mainly as a 
reference? 


Are Chapters 1 and 2 (Introduction and Overview) effective? 


Is the manual well-organized? 


What would you do to improve this manual? 


Do you reference the manual appendixes? 


Thank you for taking the time to help us improve our documentation. 
Your Name/Job Title 


Company 
Address 


Comments 


Would you like a reply? J 


ASCII Character Set: 00—7f 
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space 
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NUL 
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STX 


ETX 


EOT 


ENQ 


ACK 


BEL 


BS 


HT 


LF 


VT 


FF 


CR 


SO 


S| 





Char 















































